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Sir: 

i ntroduction 

T^7nven,ion on appeal encompasses isolated nucleic acids encoding a mammalran 
GDF-1 protein. 

Roal Party in Interest 

The real party in interest is the Carnegie Institution of Washington by vntue of 
assent tan the inventor, Dr. Se-Iin Lee, recorded a, Reel 5582, Frame 0797 on January 16, 
1991. An exclusive license is currently held by Curis, Inc. 

WolatEd Appea l Interferences 

There are no related interferences known to the appellant, his legal representees or 
assignee which will directly affect or be directly affected by or have a bearing on the Board s 
decision inthisap^ 

Serial No. 08/971,338. ^ FC . a4W 1M.00 CH 

status of Claims 
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Claims 1-21 were presented with the application as filed and claims 22-42 were added by 
amendment. Of these claims, claims 2, 4-10, 16-21 and 23 have been canceled. Claims 3, 11- 
15, 22 and 24-42 are pending and at issue in this appeal, and are set out in an Appendix to this 
brief (Exhibit A). 

Status of Amendments 

The appellant submitted a response dated July 12, 2002 with arguments in response to the 
non-final Office Action dated February 1 1, 2002. This response was entered and considered in 
the Final Office Action dated October 21, 2002. The appellant filed a Notice of Appeal on 
January 21, 2003. An amendment after final was submitted on March 21, 2003, which appellant 
believed narrowed the issues for appeal. The Examiner refused entry of this amendment. 

Summary of the Invention 

In concise form, the invention of the pending claims is directed to the isolation of 
nucleotide sequences encoding the GDF-1 gene, recombinant molecules and vectors comprising 
those sequences, cells transformed with such recombinant molecules, and methods of producing 
recombinant GDF-1 protein. 

The GDF-1 gene was isolated by virtue of its homology to the transforming growth factor 
beta (TGF-p) superfamily. A growing number of polypeptide factors playing critical roles in 
regulating differentiation processes during embryogenesis have been found to be structurally 
homologous to the TGF-(5 superfamily (see the Background of the Invention in the 
specification). Potential uses for GDF-1 as a therapeutic and diagnostic tool are suggested based 
on the known biological activities of other members of this superfamily (pages 12-14 of the 
specification and particularly page 13, lines 16-18). 

The sequence for murine GDF-1 was originally isolated from a cDNA library prepared 
from day 8.5 embryos, which was screened using oligonucleotides selected on the basis of amino 
acid sequences of conserved regions among members of the TGF-(3 superfamily (see Example 1 
of the specification, page 18). The sequence of one 1.4 kb GDF-1 clone obtained is shown in 
Figure 2, and contains a single long open reading frame encoding a protein of 357 amino acids, 
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beginning with an initiating ATG codon at nucleotide 217. Two other clones from the library 
were sequenced, and are believed to represent allelic variations within the gene (see page 19, 
lines 17-29). 

A comparison of the C-terminal region of the GDF-1 protein with other members of the 
TGF-(3 superfamily is shown in Figure 3 a. The GDF-1 sequence contains all of the invariant 
amino acids present in the other members, including the seven cysteine residues with their 
characteristic spacing, and a pair of arginine residues at positions 236-237. The level of 
homology observed between GDF-1 and the other members of the TGF-f3 superfamily (26-52%) 
was high enough to assign GDF-1 to this family but not so high so as to suggest that GDF-1 was 
a homologue of a previously-identified TGF-|3 family member (see page 20, lines 7-30). 

To determine whether GDF-1 is a single copy gene, Southern hybridization to mouse 
genomic DNA was carried out using the GDF-1 cDNA as a probe (see Example 3, page 22). A 
predominant band was identified in three different digests of mouse genomic DNA. Further, the 
GDF-1 probe also detected a single prominent band in both human and hamster genomic DNA, 
even at high stringency, suggesting that GDF-1 is highly conserved across species (page 22, lines 
24-32). 

When the inventors examined GDF-1 expression in embryos, a 1.4 kb transcript was 
observed in embryos at day 8.5 and 9.5, but not in later stage embryos. A second mRNA 
species, 3.0 kb in length, appeared at day 9.5 and persisted throughout embryogenesis (page 23, 
lines 9-13). Examination of adult animals showed that the 3.0 kb transcript was also present 
almost exclusively in the central nervous system of adult animals (pages 23-24). The 3.0 kb 
transcript was cloned from a murine adult mouse brain cDNA library, and was shown to contain 
both the 1.4 kb segment comprising the GDF-1 open reading frame, and a 1527 base pair region 
upstream (Example 7, page 28). This upstream region was found to contain a second long open 
reading frame beginning with an initiating ATG codon at position 74, extending 350 codons, and 
terminating 404 base pairs upstrem of the GDF-1 open reading frame. This second open reading 
frame was designated UOG-1 (upstream of GDF-1) (see paragraph bridging pages 29-30). A 
search of the NBRF and GenBank sequence databases revealed no known sequences with 
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significant homology to UOG-1 (page 30, lines 5-10). Figure 1 1 A shows the complete sequence 
of a mouse 2.7 kb clone containing both the UOG-1 and GDF-1 open reading frames. 

Human GDF-1 cDNAs were also isolated from adult cerebellum and fetal brain cDNA 
libraries using the murine GDF-1 cDNA as a probe (Example 8, page 30). Figure 1 IB shows the 
sequence of a 2510 base pair human cDNA containing the open reading frame for human GDF-1 
beginning at nucleotide 1347 and an upstream open reading frame that is 81% identical on the 
amino acid level to murine UOG-1 . The murine and human sequences are 87% identical in the 
region beginning with the first conserved cysteine and extending through the C-terminus, and 
69% identical through the entire length of the proteins. Southern hybridization to genomic DNA 
was performed to verify that the human GDF-1 gene is indeed the homolog of the mouse GDF-1 
gene (see paragraph bridging pages 31-32). 

Example 6, beginning on page 25 of the specification, provides a protocol for cloning 
GDF-1 into an expression vector and expressing GDF-1 in a host cell to produce recombinant 
GDF-1 protein. 

Thus, the pending claims are fully supported by the appellant's original disclosure. 
The Issues 

( 1 ) Utility and Enablement 

The Examiner has finally rejected claims 3, 1 1-15, 22, and 24-42 under 35 U.S.C. §101 
because the invention is allegedly not supported by a specific, substantial and credible utility or 
by a well established utility. The Examiner has made a corresponding rejection of these claims 
under 35 U.S.C. §112, first paragraph for lack of enablement, alleging that since the claimed 
invention is not supported by a utility, one of skill in the art would not know how to use the 
claimed invention. Since the Examiner has supported these rejections with a single argument, 
the rejections are considered in this brief as a single issue. On this basis, the issue can be stated 
as follows: 

Are the appellant's claimed nucleic acids lacking in either a specific, substantial 
and credible utility or a well-established utility such that one of skill in the art 
would not know how to use the claimed invention? 
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Theappellantsubmitsthattheclaimednucleicacidsaresupportedbyaspecific 

subst antia,«^^ 

invention for reasons detailed herein. 

(2) Written Description 1CTIcr 

The Ex^iner has finally rioted claims 3, 11-15, 22, and 24-42 under 35 
fa, paragraph for allegedly continuing subject matier to was no. described in the specimen 

appUcation was filed, had possession of the invention. The Exanunefs genial ba, for -he 

Jd therefore the appcHan, has no, described the invention as broadly as d- * 

genomic seances, and ,hat ,he specification does no, describe tire — of genonnc 
sequences. The Examiner further asserts ,ha, some Cairns read on sciences otfs.de of the 
ilsed open reading fame ma, have no, been disposed and are .hereforc no, descrtbed. Thr 

in more detail below. The issues can be stated as follows: 

Has the appellant provided defining structural or functional fea<ures of a GDF-1 
gene so as .o provide adequate description for the claimed genus? 
and more specifically for some claims, 

Does the specification reasonably convey ,0 one skilled in the art that the 
inventors had possession of sequences ma. hybridize to the disclosed codmg 
sequences under .he claimed conditions a, me time me application was filed, 
and more specifically for other claims, 

Does ,hc specification reasonably convey that the inventors were in possesion of 
nucleic acid sequences comprising the disclosed open reading frame sequences a. 
the time , he application was filed? 

For the reasons detailed below, the appellant submhs ma. me specification proves 
defining struck, features of a GDF-1 gene so as to provide support for the Canned genera, and 
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furthermore, that the skilled artisan would immediately recognize that the appellant was in 
possession of the claimed genera, including sequences that hybridize to the disclosed sequences 
and sequences comprising the disclosed sequences, at the time the application was filed. 

(3) New Matter 

The Examiner has finally rejected claims 39-42 under 35 U.S.C. §1 12, first paragraph, 
for allegedly containing new matter. Specifically, the Examiner asserts that the appellant has not 
pointed to a page and line number showing support for these claims. On this basis, the issue can 

be stated as follows: 

Do claims 39-42 contain new matter so as to be unpatentable under 35 U.S.C. 

§ 1 12, first paragraph, for lack of written description? 

For the reasons detailed below, the appellant submits that claims 39-42 do not contain 
new matter, and that appellant has provided page and line number support for these claims. 

Grouping of Claims 

Claims 3, 1 1-15, 22 and 24-42 may be considered together with regard to the utility and 

enablement (how to use) arguments. 

The claims have been separated into three distinct groups for the written description 
arguments: (1) claims 22, 3 and 11-15, (2) claims 31-34 and 39-42, and (3) claims 24-30 and 35- 
38. These groups should each be considered exclusively. 

Claims 39-42 may be considered together with regard to the new matter rejection. 

Arguments 

(1) Utility and Enablement 

The Examiner has finally rejected claims 3, 11-15, 22 and 24-42 under 35 U.S.C. §101 
because the invention is allegedly not supported by a specific, substantial and credible utility or 
by a well established utility. The Examiner has made a corresponding rejection of these claims 
under 35 U.S.C. §112, first paragraph for lack of enablement, alleging that since the claimed 
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invention is not supported by a utility, one of skill in the art would not know how to use the 
claimed invention. The appellant respectfully requests that the Board reverse this rejection. 

As described in the first sentence of the specification, the invention relates to DNA 
segments encoding proteins of the transforming growth factor beta superfamily. As described in 
the Background Information section at page 1, lines 15-19, a growing number of polypeptide 
factors playing critical roles in regulating differentiation processes during embryogenesis have 
been found to be structurally homologous to transforming growth factor p (TGF-p). Further, as 
reiterated at page 2, lines 23-28 of the specification, the invention relates to a new member of the 
TGF-P superfamily, which, like other members of this superfamily, is predicted to play an 
important role in mediating developmental decisions related to cell differentiation. 
As further described on page 12 of the specification, beginning at line 10: 
The structural homology between GDF-1 and the known members of the TGF-p 
superfamily and the pattern of expression of GDF-1 during embryogenesis indicate that 
GDF-1 is a new member of this family of growth and differentiation factors. Based on 
the known properties of the other members of this superfamily, GDF-1 can be expected 
to possess biological properties of diagnostic and/or therapeutic benefit in a clinical 
setting. 

The specification goes on to provide several potential uses for GDF-1 based on the observed 
homology to the TGF-p superfamily, including diagnostic use as an indicator for the presence of 
developmental anomalies in prenatal screens for potential birth defects (page 12, lines 32-35). 
This proposed use is directly related to the predicted role of GDF-1 in embryogenesis, and is 
supported by the fact that other members of the TGF-p superfamily known at the time had each 
been shown to play a pivotal role in embryonic processes. See Akhurst et al., 1990, Prog. 
Growth Factor Res. 2(3): 153-68 (abstract) (attached as Exhibit B). 

In the Office Action dated February 11, 2002, the Examiner dismissed the noted 
homology of GDF-1 proteins to the TGF-P superfamily as failing to provide the requisite utility, 
because the activities of the members of the TGF-P superfamily "vary quite widely," and "some 
TGF superfamily members have diverse activities in embryonic development and some have no 
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role in development" (Office Action, pages 4 and 5, respectively). The Examiner provided no 
documentary evidence to support this assertion. 

Appellant respectfully notes that the Akhurst reference was published in 1990, which is 
the year that the earliest priority application to the present application was filed. Therefore, the 
Akhurst reference is an appropriate measure of what was known in the art relating to 
transforming growth factors at the time the application was filed. According to the Akhurst 
abstract, "each" of the TGF-P superfamily members identified at that time plays "a pivotal role" 
in embryonic processes. There is no suggestion that other TGF-P family members known at that 
time played a role that did not relate to development, and the Examiner has provided no evidence 
to suggest that TGF-p members known at that time were thought to "have no role in 
development." 

Thus, at the time the present application was filed, the TGF-3 superfamily had been 
characterized as "a large superfamily of related proteins, each of which plays a pivotal role in 
embryonic processes" (Akhurst). It is Appellants' understanding upon a reading of the utility 
guidelines (FR, Vol. 66, No. 4, January 5, 2001) (Exhibit C) that it is perfectly acceptable to 
assert a specific, substantial and credible utility on the basis of "homology to existing nucleic 
acids or proteins having an accepted utility." According to the FR Notice, a rigorous correlation 
is not necessary; only a "reasonable" correlation (see the FR Notice, page 1096, middle column 
continuing into right-hand column). As stated therein, "When a class of proteins is defined such 
that the members share a specific, substantial, and credible utility, the reasonable assignment of a 
new nrotein to the class of sufficiently conserve d pro te ins w ould impute the same specific, 
substantial, and credible utility to the assigned protein" (with emphasis). Id. 

The Examiner has not disputed the reasonable assignment of GDF-1 to the TGF-p 
superfamily. As acknowledged by the Examiner, GDF-1 proteins are 26-52% similar to TGF-P 
family members on the amino acid level (Office Action dated February 1 1, 2002, page 4). 
Moreover, according to the specification at the paragraph bridging pages 19-20, GDF-1 contains 
all of the invariant amino acids present in the C-terminal 122 amino acids of other TGF-P 
superfamily members, including the seven characteristic cysteine residues as well as many of the 
other most highly conserved amino acids. For instance, like the other family members, the 
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C-terminal portion of the predicted GDF-1 polypeptide is preceded by a pair of arginine residues 
at positions 236-37. Thus, GDF-1 contains sufficient homology to be reasonably assigned to the 
TGF-P superfamily. 

According to the new utility guidelines, "the asserted utility must be accepted by the 
examiner unless the Office has sufficient or sound reasoning to rebut such an assertion." Id. 
(with emphasis). The Examiner rejects the asserted utility on the basis that the members of the 
TGF-p family exhibit diverse activities, and that some members have roles not related to 
embryonic development. However, the Examiner provides no evidence that those of skill in the 
art at the time the invention was made would have believed that members of the TGF-p super 
family exhibit such diverse activities as to preclude prediction of function based on this family 
assignment. In contrast, according to the Akhurst abstract, there had been five type beta 
transforming growth factors (TGF-ps) identified at the priority date of the invention, each of 
which was found to play "a pivotal role in embryonic processes." 

Thus, at the time the invention was made in 1990, one of skill in the art would have 
reasonably predicted that a member assigned to the TGF-P superfamily would play a role in 
embryonic development, and in the growth and differentiation of tissues, given that at least five 
TGF-p members identified at that time were shown to play a "pivotal role" in embryonic 
development. Indeed, as mentioned above, according to the instant specification at page 1, "a 
growing number of polypeptide factors playing critical roles in regulating differentiation 
processes during embryogenesis [had] been found to be structurally homologous to transforming 
growth factor B." On that basis, and in view of the homology of GDF-1 to TGF-P, the appellant 
predicted that the GDF-1 protein was likely to play an important role in mediating developmental 
decisions related to cell differentiation (see page 2, lines 25-29). Moreover, it was perfectly 
reasonable on the basis of that prediction and the homology demonstrated according to the rules 
promulgated bv the Office for Applicants to assert that the claimed protein would find utility in 
prenatal screens to detect developmental abnormalities, as disclosed on pages 12-13 of the 
specification. 

The reasonable assignment of utilities based on predicted role in embryonic development 
is further confirmed by recent experiments that show that, in fact, the appellant's predictions 
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were correct . As the present inventor and others have shown in a recently published paper 
(Rankin et ai, 2000, Regulation of left-right growth patterning in mice of growth/differentiation 
factor-1, Nature Genetics 24: 262-66) (Exhibit D), GDF-1 plays a pivotal role in embryogenesis. 
A knockout mouse was generated in order to examine the biological function of GDF-1, which 
exhibited a spectrum of defects related to left-right axis formation in embryos, including 
misplacement of internal organs (Fig. 2), developmental defects in organs and cardiac 
abnormalities (Fig. 3). The authors concluded that these findings indicate that GDF-1 is essential 
for proper establishment of the left-right axis in mice, and is required for the expression of many 
genes expressed downstream from GDF-1 during development. 

The Examiner dismisses the Rankin reference because it was published well after the 
filing date of the invention, and because knock-out mice were not routinely produced at the time 
of the invention. It is appellant's understanding, however, that it is acceptable to submit 
evidence gathered after the filing date to prove the adequacy and accuracy of the specification 
disclosure. The Rankin reference was submitted to demonstrate that the GDF-1 protein has the 
utilities that were predicted in the specification, and is suitable evidence for that purpose even 
though it was published after the filing date of the present application. 

Thus, results with the GDF-1 knockout mouse prove that GDF- 1 is required for the 
proper development and positioning of organs during embryogenesis. This is consistent with the 
function of GDF-1 predicted in the specification (page 2, lines 25-29), and the results in the 
specification showing the expression of GDF-1 during embryogenesis (see Example 4 and Fig. 
6). These results also confirm that the asserted utility of GDF-1 in prenatal screens for abnormal 
development is a reasonable utility for the disclosed nucleic acid, given that it has now been 
confirmed that aberrant expression of GDF-1 has significant and substantial effects on 

embryonic development. 

In the Office Action dated October 21, 2002, the Examiner argues that one of skill in the 
art would not interpret the gene expression results in Example 4 and Figure 6 as a prediction that 
the biological role of GDF-1 would be the regulation of left-right patterning or axis formation in 
mice (page 3). However, the appellant has not asserted that the specification teaches that GDF-1 
regulates left-right patterning or axis formation in mice. Rather, appellant predicted in the 
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specification that GDF-1 plays a role in embryonic development, and the showing in Rankin et 
al. that GDF-1 specifically regulates left-right patterning and axis formation during embryonic 
development is proof that appellant's prediction was correct. 

The Examiner further argues that the information in the specification does not suggest or 
predict a prenatal condition that GDF-1 could be used to screen for (Office Action dated October 
21, 2002, page 3). This is not correct, however, because the specification discloses at the 
paragraph bridging pages 12-13 that abnormal levels of GDF-1 could be associated with 
developmental anomalies or structural defects in the developing fetus. 

Thus, at the time the application was filed, the TGF-(3 superfamily was known to 
comprise proteins involved in embryonic development, a function that appellant predicted that 
GDF-1 would share. Further, appellant has demonstrated according to published evidence 
(Rankin et al) that GDF-1 does possess the predicted function, thereby supporting the disclosed 
utilities, i.e., use in prenatal screening for developmental defects. And as noted above, according 
to the utility examination guidelines, it is perfectly acceptable to predict a specific, substantial 
and credible utility on the basis of homology to an established family of nucleic acids or proteins 
having an accepted utility. The claimed nucleic acids are therefore supported by the specific, 
substantial and credible utility as a marker for the presence of embryonic developmental and 
structural defects, and the skilled artisan would therefore know how to use the claimed invention. 

The appellant has offered evidence of other utilities disclosed by the specification over 
the course of prosecution that have also been dismissed by the Examiner. For instance, as 
described in the specification at the top of page 14, "If GDF-1 possesses a similar activity [as the 
TGF-P family member, activin], as is indicated by its specific expression in the central nervous 
system, GDF-1 will likely prove useful in vitro for maintaining neuronal cultures." To 
demonstrate that GDF-1 possesses the predicted function, the appellant submitted a declaration 
pursuant to 37 CFR §1.132 by Dr. Ted Ebendal (Exhibit E) on April 24, 1998, describing 
experiments showing that GDF-1 has a biological activity on neurons in culture similar to other 

TGF-(3 family members. 

The Examiner indicated that the Ebendal declaration was not sufficient because the 
information presented in the declaration was not known at the time the application was filed 
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(Office Action, February 22, 1999, page 7). Again, it is the appellant's understanding that it is 
perfectly acceptable to submit evidence gathered after the filing date of the application to 
demonstrate that the utilities predicted in the specification were correct. The Ebendal declaration 
is therefore suitable evidence supporting the predicted activity of GDF-1 as a cell survival 
molecule in the in vitro culturing of neurons and is acceptable evidence rebutting the rejection. 

Further, as described in the Appeal Brief submitted July 3, 2000, DNA segments 
containing GDF-1 are also useful as cell lineage markers. Indeed, as stated in the specification at 
page 12, lines 20-23, "One potential use for GDF-1 as a diagnostic tool is as a specific marker 
for the presence of tumors arising from cell types that normally express GDF-1." Figure 7 of the 
specification shows that GDF-1 is expressed almost exclusively in the brain. Thus, a GDF-1 
nucleic acid may be used to determine for instance whether a brain tumor is a primary tumor or a 
metastasis from a tissue that does not express GDF-1. Such a determination has diagnostic and 
therapeutic consequences for cancer treatment, and is fully enabled by the showing of the tissue 
expression profile of GDF-1 in the original specification. 

In view of all the remarks above, the appellant submits that the claimed invention is 
supported by at least one specific, substantial and credible utility, therefore, the skilled artisan 
would know how to use the claimed invention. 

(2) Written Description 
Claims 22. 3 and 11-15 

The Examiner has finally rejected claims 22, 3 and 1 1-15 under 35 U.S.C. §112, first 
paragraph, for allegedly containing subject matter that was not described in the specification in 
such a way as to reasonably convey to one skilled in the art that the inventors, at the time the 
application was filed, had possession of the invention. The Examiner's basis for the rejection is 
that the appellant has not provided defining structural or functional features for GDF-1 and 
therefore the appellant has not described the invention as broadly as claimed. 

At the outset, the appellant respectfully notes that the nucleic acid sequences 
encompassed by claims 22, 3 and 1 1-15 are defined according to the specific GDF-1 amino acid 
sequences disclosed in the specification. Therefore, the specification adequately discloses the 
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claimed invention. For instance, independent claim 22 is directed to an isolated DNA segment 
encoding a mammalian GDF-1 protein having the amino acid sequence defined in an open 
reading frame of Figure 2 or Figure 1 1 A or Figure 1 IB. Thus, all DNA segments encompassed 
by this claim must encode one of the specific GDF-1 protein sequences disclosed in the 
specification. 

The specification discloses nucleic acid sequences encoding GDF-1 proteins from both 
human and mouse, and also provides the sequences of several allelic variants that were 
separately cloned (see Examples 1, 7 and 8 in the specification, and particularly page 19, lines 
17-29, and the paragraph bridging pages 28-29). In particular, one of the allelic variants 
identified contained a nucleotide variation that did not alter the amino acid sequence (page 19, 
lines 23-25). Nevertheless, even if the specification had not identified any allelic variants 
encoding the same GDF-1 amino acid sequence, one of skill in the art would clearly see that the 
degeneracy of the triplet code of DNA allows for nucleotide substitutions in the coding sequence 
that do not change the corresponding amino acid sequence. 

Given that claims 22, 3 and 1 1-15 are limited to isolated DNA segments encoding the 
specific mammalian GDF-1 amino acid sequences that are disclosed in the specification, and 
given that those of skill in the art are well aware that the nature of the triplet code allows for 
degeneracy in protein coding sequences, appellant respectfully submits that the skilled artisan 
would immediately recognize that the appellant was in possession of the genus recited in claims 
22, 3 and 1 1-15 at the time the application was filed. 

Claims 31-34 and 39-42 

The Examiner has finally rejected claims 31-34 and 39-42 under 35 U.S.C. §1 12, first 
paragraph, for allegedly containing subject matter that was not described in the specification in 
such a way as to reasonably convey to one skilled in the art that the inventors, at the time the 
application was filed, had possession of the invention. The Examiner's basis for the rejection is 
that the appellant has not provided defining structural or functional features for GDF-1 and 
therefore the appellant has not described the invention as broadly as claimed. In particular, the 
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Examiner asserts that these claims also read on genomic sequences, and that the specification 
does not describe the structure of genomic sequences. 

At the outset, the appellant respectfully notes that claims 31-34 and 39-42 are not 
directed specifically to genomic sequences, but rather to sequences that hybridize to the specific 
nucleic acid sequences disclosed in the specification under the specific hybridization conditions 
disclosed. Thus, the appellant respectfully submits that the pending claims, worded in terms of 
hybridization conditions that are clearly recited in the specification are supported by the 
specification. 

Indeed, according to the Synopsis of Application of Written Description Guidelines 
available on the U.S. Patent & Trademark Office's internet site (attached as Exhibit F), it is 
perfectly acceptable to define the claimed genetic sequences in terms of the hybridization 
conditions disclosed in the specification. For instance, in Example 9 of the Training Examples 
provided in the Synopsis beginning on page 35, 1 an example is provided where the specification 
discloses a single cDNA (SEQ ID NO: 1) encoding a protein that binds to a dopamine receptor 
and stimulates adenylate cyclase activity. The specification discloses that the complement of 
SEQ ID NO: 1 was used under highly stringent hybridization conditions for the isolation of 
nucleic acids that encode proteins that bind to dopamine receptor. The hybridizing nucleic acids 
were not sequenced. The exemplary claim is directed to an isolated nucleic acid that specifically 
hybridizes under highly stringent conditions to the complement of the sequence set forth in SEQ 
ID NO: 1, wherein the nucleic acid encodes a protein that binds to a dopamine receptor and 
stimulates adenylate cyclase activity. 

Example 9 of the Synopsis acknowledges that the claim is drawn to a genus of nucleic 
acids all of which must hybridize with SEQ ID NO: 1 and must encode a protein with the same 
activity. The example also acknowledges that, in this instance, there is only a single species 
disclosed that is within the scope of the genus. Nevertheless, the example also notes that the art 
indicates that hybridization techniques using a known DNA probe under highly stringent 
conditions were conventional in the art at the time of filing (see Analysis beginning on page 36). 

1 The Table of Contents of the Synopsis erroneously indicates that Example 9 begins on page 28. 
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The example further notes that a person of skill in the art would not expect substantial variation 
among species encompassed within the scope of the claim because the highly stringent 
conditions set forth in the claim yield structurally similar DNAs. Thus, "a representative number 
of species is disclosed, since highly stringent hybridization conditions in combination with the 
coding function of the DNA and the level of skill and knowledge in the art are adequate to 
determine that applicant was in possession of the claimed invention" (see sentence bridging 
pages 36-37). 

Like the claim at issue in Example 9 of the PTO's Written Description Guidelines 
Synopsis discussed above, appealed claims 31 and 39 are directed to a genus of isolated DNAs 
encoding the described protein (GDF-1) that hybridize under specific hybridization conditions to 
the nucleotide sequence for GDF-1 that is specifically disclosed in the specification. However, 
rather than the single species disclosed in the specification of Example 9, the instant 
specification discloses two species with the genus (human and mouse cDNA sequences), and 
analyses the homology between the two. Further, as in the Synopsis Example 9, hybridization 
techniques using a known DNA probe under highly stringent conditions were conventional in the 
art at the time of filing, and a person of skill in the art would not expect substantial variation 
among species encompassed within the scope of the claim because the highly stringent 
conditions set forth in the claim yield structurally similar DNAs. Therefore, based on the 
teachings of the Synopsis of Application of Written Description Guidelines, appealed claims 31 
and 39 (and the claims dependent thereon) should be found to have written description support in 
the specification. 

Example 9 in the Synopsis does not address whether the genus encompassed by the 
exemplary claim reads on genomic sequences that have not been disclosed, as asserted by the 
Examiner. In any case, to the extent that the appealed claims do read on genomic GDF-1 
sequences, the instant specification does show that a probe generated from the full length murine 
open reading frame of GDF-1 hybridizes specifically to the human gene in Southern 
hybridization (see Fig. 14 legend at page 9, and the relevant discussion at pages 3 1-32). As also 
shown in Figure 5, even at high stringency, a murine GDF-1 probe identified a single prominent 
band in both human and hamster genomic DNA. The genomic sequences identified by these 
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hybridization experiments could be readily cloned and sequenced using techniques that were 
well known at the time the application was filed. 

The Examiner has not explained why this disclosure is not sufficient, except to note that 
additional bands were detected in the Southern blot experiments in Example 5, even under high 
stringency hybridization conditions (see Office Action dated February 11, 2002, page 7). The 
appellant respectfully submits, however, that additional faint bands will frequently be detected in 
any hybridization experiment, but the fact that a specific prominent band can be detected shows 
the specificity of the hybridization. 

During prosecution, the Examiner cited a variety of case law for the unusual premise that 
the actual DNA sequence itself must be disclosed for every sequence falling within the scope of 
the claims, including University of California v. Eli Lilly, 43 USPQ2d 1398 (see appellant's 
previous response filed October 19, 2001 (page 8)). This is clearly in contrast to the teachings of 
Example 9 of the Synopsis of Application of Written Description Guidelines discussed above. 
Furthermore, the appellant respectfully submits that the merits of each case must be examined on 
a case-by-case basis, and Lilly does not suggest otherwise. Moreover, Lilly is only relevant to 
the particular circumstances surrounding that case, which happened to occur at a time when the 
art of biotechnology was much less developed than it is was at the time the present invention was 
made. In fact, the present application was filed after the publication of the popular Sambrook 
Molecular Cloning manual (2nd edition), which standardized many of the cloning procedures 
now used to identify and isolate genomic DNAs and cDNAs from related species. Indeed, given 
the existence of the Sambrook manual at the time the present invention was filed, those of skill in 
the art would have surely seen that the inventor was in possession of a genus of mammalian 
GDF-1 nucleic acids, including genomic DNAs and sequences from other species, upon reading 

the present disclosure. 

For instance, according to the pages from Sambrook et al, 1989, Molecular Cloning: A 
Laboratory Manual (2d edition) (Exhibit G), libraries generated from mammalian genomic DNA 
had been in use since the mid-1970's for cloning mammalian genes (see page 9.2). And 
according to the teachings on page 9.3, it was well-known at the time this Manual was published 
that one could use libraries of randomly cleaved DNA to "walk" along the eukaryotic 
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chromosome starting with a single specific probe, in order to isolate segments of DNA in and 
around target sequences without knowledge of the location of surrounding restriction sites. 

Further, according to Sambrook et al. on page 8.46, nucleic acid hybridization is "the 
most commonly used and reliable method of screening cDNA libraries for clones of interest . . . 
[A]s a result of more than twenty years of work, the theoretical basis of nucleic hybridization is 
well-understood." In particular, partially homologous probes were commonly used at the time 
Sambrook et al. was published to detect cDNA clones that are related, but not identical, to the 
probe sequences. For example, if the same gene has already been cloned from another species, 
Sambrook et al. suggests performing a series of Southern hybridizations at different stringencies 
to determine the conditions that will allow the previously cloned gene to be used as a probe for 
isolating the corresponding cDNA from another species (see page 8.47). The corresponding 
cDNA is then isolated from a cDNA library and validated using any of the methods described on 
page 8.51 of Sambrook et al. In particular, the open reading frame of the cDNA may be 
sequenced to determine the corresponding amino acid sequence. 

Thus, it was common practice at the time the present application was filed to isolate the 
genomic DNA following hybridization of a cDNA probe to a genomic library. Further, it was 
common practice at the time the present application was filed to isolate related cDNAs from 
other species using hybridization of a nucleic acid probe to a cDNA library. The Written 
Description Guidelines (FR, Vol. 66, No. 4, page 1099, January 5, 2001) (Exhibit H) specify that 
such common techniques need not be described, because one of skill in the art would be familiar 
with such techniques and would incorporate such knowledge into his understanding as to what 
the inventor possessed at the time of filing. 

To illustrate, in the Federal Register publication of the Written Description Guidelines 
for Examination, the Office answered one comment by stating that "[a]ctual reduction to practice 
may be crucial in the relatively rare instances where the level of knowledge and level of skill are 
such that those of skill in the art cannot describe a composition structurally, or specify a process 
of making a composition by naming components and combining steps" (with emphasis, see page 
1101). In fact, the Guidelines state at page 1 106 that: 
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An applicant may show that an invention is complete by disclosure of sufficiently 
detailed, relevant identifying characteristics which provide evidence that applicant 
was in possession of the claimed invention, i.e., complete or partial structure, 
other physical and/or chemical properties, functional characteristics when coupled 
with a known or disclosed correlation between function and structure, or some 
combination of such characteristics. What is conventional or well known to one 
of ordinary skill in the art need not be disclosed in detail. If a skilled artisan 
would have understood the inventor to be in possession of the claimed invention 
at the time of filing, even if every nuance of the claims is not explicitly described 
in the specification, then the adequate description requirement is met. (With 
emphasis.) 

Footnote 42 of the Guidelines further defines some identifying characteristics for 
biomolecules to include sequence, structure, binding affinity, binding specificity, molecular 
weight, length, unique cleavage by particular enzymes, detailed restriction maps, a comparison 
of enzymatic activities, or antibody cross-reactivity (see page 11 10 of the FR Notice). If binding 
specificity is one acceptable characteristic to be combined with sequence data and restriction 
maps for satisfaction of the written description requirement, then hybridization experiments 
showing specific hybridization of an isolated and disclosed nucleic acid sequence with a specific 
genomic restriction fragment should also be sufficient. 

The Examiner responded to appellant's arguments by noting that appellant is arguing 
enablement rather than written description (Office Action, February 1 1, 2002, page 8). 
Appellant respectfully notes, however, that appellant's arguments are based on the written 
description guidelines promulgated by the Office, and are therefore pertinent to written 
description of the invention. Thus, one of skill in the art would immediately see upon reading 
the present disclosure that the disclosed GDF-1 coding sequences may be used as a probe to 
specifically identify genomic sequences and other cDNA sequences by hybridization. Further, 
having full knowledge of molecular biology techniques that were well-known in the art at the 
time the invention was made, the skilled artisan would immediately see upon viewing the 
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disclosed hybridization experiments that the present inventor was in possession of the genus of 
nucleic acids that hybridize to the disclosed GDF-1 sequences. 

In view of the remarks above, the appellant submits that the specification provides 
defining structural features of a GDF-1 gene so as to provide support for the genus recited in 
claims 31-34 and 39-42, and furthermore, that the skilled artisan would immediately recognize 
that the appellant was in possession of the claimed genus at the time the application was filed. 
Thus, appellant respectfully submits that no matter what the Board decides with regard to written 
description of claims 22, 3 and 1 1-15, 22, claims 31-34 and 39-42 satisfy the requirements of the 
written description §112, first paragraph. 

Claims 24-30 and 35-38 

The Examiner has also finally rejected claims 24-30 and 35-38 under 35 U.S.C. §112, 
first paragraph, for allegedly containing subject matter that was not described in the specification 
in such a way as to reasonably convey to one skilled in the art that the inventors, at the time the 
application was filed, had possession of the invention. It is pertinent to note that claims 24 and 
35, and the claims dependent thereon, are directed to isolated DNAs comprising the specific 
open reading frame for GDF-1 that is disclosed in the specification. Thus, these claims do not 
read on genomic DNA sequences, given the presence of intronic sequences in the GDF-1 
genomic locus as shown in Figure lh of Ramkin et al. (Exhibit D). 

According to the Office Action dated February 1 1, 2002 (page 6), claims 24 and 35 
include sequences outside the open reading frame which have not been disclosed and are 
therefore not described. The appellant strongly disagrees with this assertion as the specification 
describes several isolated cDNA molecules comprising the open reading from for GDF-1 in 
addition to an upstream open reading frame as well as sequences that intervene these two open 
reading frames. 

For instance, as described on page 28 of the specification, a region spanning 2.7 kb was 
cloned and sequenced from a cDNA library (sequence provided in Fig. 1 la). This 2.7 kb 
fragment comprises not only the 1.4 kb GDF-1 open reading frame, but also a 1310 base region 
upstream of the GDF-1 coding region. Within this upstream region, the inventor unexpectedly 
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identified a second open reading frame beginning at nucleotide 74, extending for 350 codons and 
terminating 404 nucleotides upstream of the initiating GDF-1 ATG codon (see page 29, last 
paragraph). Similarly, a 2510 bp human cDNA comprising both the GDF-1 open reading frame 
in addition to the upstream open reading frame is also disclosed (see page 30, sequence provided 
in Fig. 1 lb). Thus, the inventor isolated cDNA nucleic acid segments that comprise the GDF-1 
coding sequence in addition to upstream sequences, and this disclosure is sufficient to warrant 

the scope of claims 24 and 35. 

In any case, notwithstanding the isolated cDNA clones specifically described the 
specification, claims 24, 25 and 35 are directed to isolated DNA segments comprising the 
specific GDF-1 nucleic acid sequences that are explicitly disclosed in the specification. Claims 
26-30 and 36-38 are directed to vectors and host cells comprising such sequences, and to 
methods of making a recombinant GDF-1 protein using the host cells, respectively. The 
appellant respectfully submits that is it perfectly acceptable according to PTO policy to claim 
larger segments of DNA encompassing a novel DNA sequence, because a necessary common 
attribute of such larger sequences is the newly disclosed DNA sequence. 

For instance, Example 8 of the Written Description Training Examples in the PTO's 
Synopsis of Application of Written Description Guidelines (p. 33, Exhibit F), describes a similar 
scenario where the specification discloses a novel sequence (SEQ ID NO: 2) having high 
homology to known DNA ligases. Claim 1 is directed to: "An isolated and purified nucleic acid 
comprising SEQ ID NO: 2." According to the PTO's analysis (see p. 34), it is acknowledged 
that the claim is drawn to any nucleic acid that minimally contains SEQ ID NO: 2, and that the 
claim reads on the claimed ORF in any construct or with additional nucleic acid residues placed 
at either end of the ORF. However, one of skill in the art "can readily envisage nucleic acid 
sequences which include SEQ ID NO: 2 because e.g. SEQ ID NO: 2 can readily be embedded in 
known vectors. Although there may be substantial variability among the species of DNAs 
encompassed within the scope of the claim because SEQ ID NO: 2 may be combined with 
sequences known in the art, e.g., expression vectors, the necessary common attribute is the ORF" 
(SEQ ID NO: 2) (see sentence bridging pp. 34-35). 
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Thus, claims 24-30 and 35-38 are directed to nucleic acids comprising the specific GDF- 
1 nucleic acid sequence disclosed in the specification and methods of using the same to produce 
recombinant GDF-1 protein. If the Examiner's standard was to prevail, every inventor 
discovering a novel DNA sequence would be limited to only that novel gene sequence, and 
would not be able to protect the use of that sequence once it was cloned into any vector or other 
larger piece of DNA. The Examiner has offered no case law in support of this unusually strict 
position, and has not responded to appellant's request for reconsideration. Further, the 
Examiner's position is contradictory to Example 8 of the PTO's Written Description Training 
Examples discussed above. Thus, appellant respectfully submits that no matter what the Board 
decides with regard to written description of claims 3, 1 1-15, 22, 31-34 and 39-42, claims 24 and 
26-30 and 35-38 satisfy the requirements of the written description §1 12, first paragraph. 

(3) New Matter 

The Examiner indicated in the Office Action dated October 21, 2002, that the rejection 
under 35 U.S.C. §112, first paragraph, is both a written description rejection and a new matter 
rejection (see page 3), presumably because appellant has allegedly failed to point to a page and 
line number for support for claims 39-42, as originally requested in the Office Action dated 
February 11, 2002 (bottom of page 7). 

In maintaining this aspect of the written description rejection, the Examiner appears to 
have ignored the appellant's remarks on page 1 1 of the Reply filed July 12, 2002, providing the 
page and line number in support of claims 39-42. Appellant again notes that the requisite 
support may be found on page 10, lines 8-9, where it is disclosed that 20X SSC is defined as 3M 
sodium chloride/0.3M sodium citrate. So, by extension, 2X SSC would be defined as stated in 
claim 39. Page 9, lines 1 1-12 give support for washing at 68°C in 2X SSC, and page 17, lines 9- 
13 provide support for hybridization at 65 °C. 

Claims 40-42 are dependent claims directed to vectors and host cells comprising the 
claimed nucleic acid, and to a method of producing a recombinant protein using the claimed host 
cell, respectively. Support for these claims may be found in original claims 1 1, 12 and 15. 
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In view of the above remarks, the appellant respectfully submits that claims 39-42 
contain no new matter, and furthermore that the claims fully satisfy the requirements of § 1 12, 
first paragraph. 

Summary 

In summary, the appellant submits that his invention is supported by a specific, 
substantial and credible utility such that the skilled artisan would know how to use the claimed 
invention. The appellant further submits that the specification provides defining structural 
features of a GDF-1 gene so as to provide support for the claimed genus, and furthermore, that 
the skilled artisan would immediately recognize that the appellant was in possession of the 
claimed genus at the time the application was filed. In any case, no matter what the Board 
decides with regard to claims 3, 1 1-15, 22, 31-34 and 39-42, claims 24-30 and 35-38, which are 
directed to isolated sequences comprising the disclosed GDF-1 sequences, are fully supported by 

the specification as filed. 

Accordingly, it is submitted that the Examiner's §§101 and 1 12 rejections of the claims 

are in error and should be reversed . 

Respectfully submitted, 

MORGAN LEWIS & BOCKIUS LLP 



1111 Pennsylvania Avenue, N.W. 
Washington, D.C. 20004 
Phone: (202)739-3000 
Facsimile: (202) 739-3001 
Direct: (202)739-6150 



By. 



Bonnie Weiss McLeod 
Reg. No. 43,255 
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EXHIBIT A 
CLAIMS ON APPEAL 

22. An isolated DNA segment encoding mammalian GDF-1 protein having the amino 
acid sequence defined in an open reading frame of Figure 2 or Figure 1 1 A or Figure 1 IB. 

3. The DNA segment according to claim 22 wherein said mammal is a mouse, or 

human. 

11. A recombinant DNA molecule comprising: 

i) said DNA segment according to claim 22, operably linked to 

ii) a vector. 

12. A host cell stably transformed with said recombinant DNA molecule according to 
claim 1 1 . 

13. The host cell according to claim 12 wherein said cell is a procaryotic cell. 

14. The host cell according to claim 12 wherein said cell is a eucaryotic cell. 

15. A method of producing a recombinant GDF-1 protein comprising culturing the 
host cell of claim 12 under conditions such that said GDF-1 protein is produced, and isolating 
said GDF-1 protein. 

24. An isolated DNA segment encoding mammalian GDF-1 protein comprising a 
nucleotide sequence as defined in an open reading frame of Figure 2 or Figure 1 1 A or Figure 
11B. 
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25. The isolated DNA segment according to claim 24 further comprising a nucleotide 
sequence outside the open reading frame as defined in Figure 2 or Figure 1 1 A or Figure 1 IB. 

26. A recombinant DNA molecule comprising the isolated DNA segment according 
to claim 25 operably linked to a vector. 

27. A host cell stably transformed with the recombinant DNA molecule according to 
claim 26. 

28. The host cell according to claim 27 wherein said cell is a prokaryotic cell. 

29. The host cell according to claim 27 wherein said cell is a eukaryotic cell. 

30. A method of producing a recombinant GDF-1 protein comprising culturing the 
host cell according to claim 27 under conditions such that the GDF-1 protein is produced, and 
isolating the GDF-1 protein. 

31. An isolated DNA segment encoding mammalian GDF- 1 protein which hybridizes 
to the nucleotide sequence defined in Figure 2 under conditions of 68°C and 1M sodium chloride 
and which remains bound when subjected to washing at 68°C with 15 mM sodium chloride/1.5 
mM sodium citrate. 

32. A recombinant DNA molecule comprising the isolated DNA segment according 
to claim 3 1 operably linked to a vector. 

33. A host cell stably transformed with the recombinant DNA molecule according to 
claim 32. 
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34. A method of producing a recombinant GDF-1 protein comprising culturing the 
host cell according to claim 33 under conditions such that the GDF-1 protein is produced, and 
isolating the GDF-1 protein. 

35. An isolated DNA segment encoding a mammalian GDF-1 protein which 
comprises the open reading frame for GDF-1 as shown in Figure 2 or Figure 1 1A or Figure 1 IB. 

36. A recombinant DNA molecule comprising the isolated DNA segment according 
to claim 35 operably linked to a vector. 

37. A host cell stably transformed with the recombinant DNA molecule according to 
claim 36. 

38. A method of producing a recombinant GDF-1 protein comprising culturing the 
host cell according to claim 37 under conditions such that the GDF-1 protein is produced, and 
isolating the GDF-1 protein. 

39. An isolated DNA segment encoding a mammalian GDF-1 protein, wherein said 
DNA hybridizes under conditions of 65°C and 1M sodium chloride to DNA having the 
nucleotide sequence as defined in Figure 2 or Figure 1 1 A or 1 IB and remains bound when 
subjected to washing at 68°C and 0.3 M sodium chloride/ 30 mM sodium citrate (2X SSC). 

40. A recombinant DNA molecule comprising the isolated DNA segment according 
to claim 39 operably linked to a vector. 

41 . A host cell stably transformed with the recombinant DNA molecule according to 
claim 40. 
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42. A method of producing a recombinant GDF-1 protein comprising culturing the 
host cell according to claim 41 under conditions such that the GDF-1 protein is produced, and 
isolating the GDF-1 protein. 
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EXHIBIT A 
CLAIMS ON APPEAL 



22. An isolated DNA segment encoding mammalian GDF- 1 protein having the 
acid sequence defined in an open reading frame of Figure 2 or Figure 1 1A or Figure 1 IB. 



ammo 



3. The DNA segment according to claim 22 wherein said mammal is a mouse, or 

human. 



11. A recombinant DNA molecule comprising: 

i) said DNA segment according to claim 22, operably linked to 

ii) a vector. 

12. A host cell stably transformed with said recombinant DNA molecule according to 
claim 11. 

13. The host cell according to claim 12 wherein said cell is a procaryotic cell. 

14. The host cell according to claim 12 wherein said cell is a eucaryotic cell. 

15. A method of producing a recombinant GDF- 1 protein comprising culturing the 
host cell of claim 12 under conditions such that said GDF-1 protein is produced, and isolating 
said GDF-1 protein. 

24. An isolated DNA segment encoding mammalian GDF-1 protein comprising a 
nucleotide sequence as defined in an open reading frame of Figure 2 or Figure 1 1A or Figure 
11B. 
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25. The isolated DNA segment according to claim 24 further comprising a nucleotide 
sequence outside the open reading frame as defined in Figure 2 or Figure 1 1A or Figure 1 IB. 

26. A recombinant DNA molecule comprising the isolated DNA segment according 
to claim 25 operably linked to a vector. 



27. A host cell stably transformed with the recombinant DNA molecule according to 
claim 26. 



28. The host cell according to claim 27 wherein said cell is a prokaryotic cell. 

29. The host cell according to claim 27 wherein said cell is a eukaryotic cell. 

30. A method of producing a recombinant GDF-1 protein comprising culturing the 
host cell according to claim 27 under conditions such that the GDF-1 protein is produced, and 
isolating the GDF-1 protein. 

31. An isolated DNA segment encoding mammalian GDF-1 protein which hybridizes 
to the nucleotide sequence defined in Figure 2 under conditions of 68°C and 1M sodium chloride 
and which remains bound when subjected to washing at 68°C with 15 mM sodium chloride/1.5 
mM sodium citrate. 



32. A recombinant DNA molecule comprising the isolated DNA segment according 
to claim 31 operably linked to a vector. 



33. 



A host cell stably transformed with the recombinant DNA molecule according to 
claim 32. 
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34. A method of producing a recombinant GDF-1 protein comprising culturing the 
host cell according to claim 33 under conations such that the GDF-1 protein is produced, and 
isolating the GDF-1 protein. 

35. An isolated DNA segment encoding a mammalian GDF-1 protein which 
comprises the open reading frame for GDF-1 as shown in Figure 2 or Figure 1 1 A or Figure 1 IB. 

36. A recombinant DNA molecule comprising the isolated DNA segment according 
to claim 35 operably linked to a vector. 



37. A host cell stably transformed with the recombinant DNA molecule according to 
claim 36. 



38. A method of producing a recombinant GDF-1 protein comprising culturing the 
host cell according to claim 37 under conditions such that the GDF-1 protein is produced, and 
isolating the GDF-1 protein. 

39. An isolated DNA segment encoding a mammalian GDF-1 protein, wherein said 
DNA hybridizes under conditions of 65°C and 1M sodium chloride to DNA having the 
nucleotide sequence as defined in Figure 2 or Figure 1 1 A or 1 IB and remains bound when 
subjected to washing at 68°C and 0.3 M sodium chloride/ 30 mM sodium citrate (2X SSC). 

40. A recombinant DNA molecule comprising the isolated DNA segment according 
to claim 39 operably linked to a vector. 



41. A host cell stably transformed with the recombinant DNA molecule according 
claim 40. 
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42. A method of producing a recombinant GDF-1 protein comprising culturing the 
host cell according to claim 41 under conditions such that the GDF-1 protein is produced, and 
isolating the GDF-1 protein. 
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DEPARTMENT OF COMMERCE 

National Oceanic and Atmospheric 
Administration 

Fair Market Value Analysis for a Fiber 
Optic Cable Permit in National Marine 
Sanctuaries 

AGENCY: Office of National Marine 
Sanctuaries (ONMS), National Ocean 
Service (NOS), National Oceanic and 
Atmospheric Administration (NOAA), 
Department of Commerce (DOC). 
ACTION: Notic e of availability. 

SUMMARY: Notice is hereby given that 
NOAA is requesting comments on the 
report "Fair Market Value Analysis fox 
a Fiber Optic Cable Permit in National 
Marine Sanctuaries" and two peer 
reviews of this report. The report and 
peer reviews are available for download 
at http :// www. sanctuaries .nos .noaa.gov/ 
news/newsbboard/newsbboard.html or 
by requesting an electronic or hard 
copy. Requests can be made by sending 
an email to submarine.cables@noaa.gov 
(subject line "Request for Fair Market 
Value Analysis") or by calling Matt 
Brookhart at (301) 713-3125 xl40. 
DATES: Comments on this notice must be 
received by January 18, 2001. 
ADDRESSES: Address all comments 
regarding this notice to Matt Brookhart, 
Conservation Policy and Planning 
Branch, Office of National Marine 
Sanctuaries, 1305 East-West Highway, 
11th Floor, Silver Spring, MD 20910, 
Attention: Fair Market Value Analysis. 
Comments may also be submitted by 
email to: submarine.cables@noaa.gov, 
subject line "Fair Market Value 
Analysis." 

FOR FURTHER INFORMATION CONTACT: 

Helen Golde, (301) 713-3125 xl52. 
SUPPLEMENTARY INFORMATION: The Office 
of National Marine Sanctuaries has 
issued several special-use permits to 
companies seeking to instil fiber optic 
cables in National Marine Sanctuaries. 
The Sanctuary statute allows ONMS to 
permit the presence of cables on the 
sanctuaries' seafloor should it decide to 
do so. If an application is approved, 
ONMS may collect certain 
administrative and monitoring fees. In 
addition, ONMS is entitled to receive 
fair market value for the permitted use 
of sanctuary resources. 

The report "Fair Market Value 
Analysis for a Fiber Optic Cable Permit 
in National Marine Sanctuaries" 
presents an assessment of fair market 
value for the use of National Marine 
Sanctuary resources for a fiber optic 
cable. Proper stewardship of sanctuary 
resources and open and equitable 



relations with telecommunication 
industry interests require a clear and 
consistent policy in this matter. The 
content of this report is based on dozens 
of industry and government sources and 
draws on the collaboration and review 
of numerous experts in the business, 
legal and technical arenas. 

Once finalized, the fee structure 
proposed in this report will be used to 
assess fees (as stated in their respective 
special use permits) for cables already 
installed in the Olympic Coast and 
Stellwagen Bank National Marine 
Sanctuaries. In addition, this structure 
will provide the basis for future fair 
market value assessment of submarine 
cable permit applications in National 
Marine Sanctuaries. Comments on the 
report and peer reviews should focus on 
the methodology employed and the 
conclusions that it reached. 

Dated: December 29, 2000. 
John Oliver, 

Chief Financial Officer, National Ocean 
Service. 

[FR Doc. 01-387 Filed 1-4-01; 8:45 am] 
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DEPARTMENT OF COMMERCE 

United States Patent and Trademark 
Office 

[Docket No. 991027289-0263-02] 
RIN 0651-AB09 

Utility Examination Guidelines 

AGENCY: United States Patent and 
Trademark Office, Commerce. 
ACTION: Not ice. 

SUMMARY: The United States Patent and 
Trademark Office (USPTO) is 
publishing a revised version of 
guidelines to be used by Office 
personnel in their review of patent 
applications for compliance with the 
"utility" requirement of 35 U.S.C. 101. 
This revision supersedes the Revised 
Interim Utility Examination Guidelines 
that were published at 64 FR 71440, 
Dec, 21, 1999; 1231 O.G. 136 (2000); and 
correction at 65 FR 3425, Jan. 21, 2000; 
1231 O.G. 67 (2000). 

DATES: The Guidelines are effective as of 
January 5, 2001. 

FOR FURTHER INFORMATION CONTACT: 

Mark Nagumo by telephone at (703) 
305-8666, by facsimile at (703) 305- 
9373, by electronic mail at 
"mark.nagumo@uspto.gov," or by mail 
marked to his attention addressed to the 
Office of the Solicitor, Box 8 f 
Washington, DC 20231; or Linda 
Therkorn by telephone at (703) 305- 
9323, by facsimile at (703) 305-8825, by 



electronic mail at 

''linda.therkom@uspto.gov,'' or by mail 
marked to her attention addressed to 
Box Comments, Commissioner for 
Patents, Washington, DC 20231. 
SUPPLEMENTARY INFORMATION: As of the 
publication date of this notice, these 
Guidelines will be used by USPTO 
personnel in their review of patent 
applications for compliance with the 
"utility' ' requirement of 35 U.S.C. 101. 
Because these Guidelines only govern 
internal practices, they are exempt from 
notice and comment rulemaking under 
5 U.S.C. 553(b)(A). 
I. Discussion of Public Comments 

The Revised Interim Utility 
Examination Guidelines published at 64 
FR 71440, Dec. 21, 1999; 1231 O.G. 136, 
Feb. 29, 2000, with a correction at 65 FR 
3425, Jan. 21, 2000; 1231 O.G. 67, Feb. 
15, 2000, requested comments from the 
public. Comments were received from 
35 individuals and 17 organizations. 
The written comments have been 
carefully considered. 

Overview of Comments 

The majority of comments generally 
approved of the guidelines and several 
expressly stated support for the three 
utility criteria (specific, substantial, and 
credible) set forth in the Guidelines. A 
few comments addressed particular 
concerns with respect to the coordinate 
examiner training materials that are 
available for public inspection at the 
USPTO website, mw.uspfo.gov. The 
comments on the training materials will 
be taken under advisement in the 
revision of the training materials. 
Consequently, those comments are not 
specifically addressed below because 
they do not impact the content of the 
Guidelines. Comments received in 
response to the request for comments on 
the "Revised Interim Guidelines for 
Examination of Patent Applications 
Under the 35 U.S.C. 112, HI 'Written 
Description' Requirement," 64 FR 
71427, Dec. 21, 1999; 1231 O.G. 123, 
Feb. 29, 2000, which raised issues 
pertinent to the utility requirement are 
also addressed below. 

Responses to Specific Comments 

(1) Comment: Several comments state 
that while inventions are patentable, 
discoveries are not patentable. 
According to the comments, genes are 
discoveries rather than inventions. 
These comments urge the USPTO not to 
issue patents for genes on the ground 
that genes are not inventions. Response: 
The suggestion is not adopted. An 
inventor can patent a discovery when 
the patent application satisfies the 
statutory requirements. The U.S. 
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Constitution uses the word 
"discoveries" where it authorizes 
Congress to promote progress made by 
inventors. The pertinent part of the 
Constitution is Article 1, section 8, 
clause 8, which reads: "The Congress 
shall have power * * * To promote the 
Progress of Science and useful Arts, by 
securing for limited Times to Authors 
and Inventors the exclusive Right to 
their respective Writings and 
Discoveries.*' 

When Congress enacted the patent 
statutes, it specifically authorized 
issuing a patent to a person who 
"invents or discovers" a new and useful 
composition of matter, among other 
things. The pertinent statute is 35 U.S. C. 
101, which reads: "Whoever invents or 
discovers any new and useful process, 
machine, manufacture, or composition 
of matter, or any new and useful 
improvement thereof, may obtain a 
patent therefor, subject to the conditions 
and requirements of this title." Thus, an 
inventor's discovery of a gene can be the 
basis for a patent on the genetic 
composition isolated from its natural 
state and processed through purifying 
steps that separate the gene from other 
molecules naturally associated with it. 

If a patent application discloses only 
nucleic acid molecular structure for a 
newly discovered gene, and no utility 
for the claimed isolated gene, the 
claimed invention is not patentable. But 
when the inventor also discloses how to 
use the purified gene isolated from its 
natural state, the application satisfies 
the ' 'utility" requirement. That is, where 
the application discloses a specific, 
substantial, and credible utility for the 
claimed isolated and purified gene, the 
isolated and purified gene composition 
may be patentable. 

(2) Comment: Several comments state 
that a gene is not a new composition of 
matter because it exists in nature, and/ 
or that an inventor who isolates a gene 
does not actually invent or discover a 
patentable composition because the 
gene exists in nature. These comments 
urge the USPTO not to issue patents for 
genes on the ground that genes are 
products of nature. Others state that 
naturally occurring DNAs are part of our 
heritage and are not inventions. Another 
comment expressed concern that a 
person whose body includes a patented 
gene could be guilty of patent 
infringement. Response: The comments 
are not adopted. A patent claim directed 
to an isolated and purified DNA 
molecule could cover, e.g., a gene 
excised from a natural chromosome or 
a synthesized DNA molecule. An 
isolated and purified DNA molecule 
that has the same sequence as a 
naturally occurring gene is eligible for a 



patent because (1) an excised gene is 
eligible for a patent as a composition of 
matter or as an article of manufacture 
because that DNA molecule does not 
occur in that isolated form in nature, or 
(2) synthetic DNA preparations are 
eligible for patents because their 
purified state is different from the 
naturally occurring compound. 

Patenting compositions or compounds 
isolated from nature follows well- 
established principles, and is not a new 
practice. For example, Louis Pasteur 
received U.S. Patent 141,072 in 1873, 
claiming "[y]east, free from organic 
germs of disease, as an article of 
manufacture." Another example is an 
early patent for adrenaline. In a decision 
finding the patent valid, the court 
explained that compounds isolated from 
nature are patentable: "even if it were 
merely an extracted product without 
change, there is no rule that such 
products are not patentable. Takamine 
was the first to make it [adrenaline] 
available for any use by removing it 
from the other gland-tissue in which it 
was found, and, while it is of course 
possible logically to call this a 
purification of the principle, it became 
for every practical purpose a new thing 
commercially and therapeutically. That 
was a good ground for a patent." Parke- 
Davis & Co. v. H. K. Mulford Co., 189 
F. 95, 103 (S.D.N. Y. 1911) (J. Learned 
Hand). 

In a more recent case dealing with the 
prostaglandins PGE2 and PGE3, 
extracted from human or animal 
prostate glands, a patent examiner had 
rejected the claims, reasoning that 
"inasmuch as the 'claimed compounds 
are naturally occurring' * * * they 
therefore 'are not 'new' within the 
connotation of the patent statute.' " In re 
Bergstrom, 427 F.2d 1394, 1397, 166 
USPQ 256, 259 (CCPA 1970). The Court 
reversed the Patent Office and explained 
the error: "what appellants claim — pure 
PGE 2 and PGE 3 — is not 'naturally 
occurring.' Those compounds, as far as 
the record establishes, do not exist in 
nature in pure form, and appellants 
have neither merely discovered, nor 
claimed sufficiently broadly to 
encompass, what has previously existed 
in fact in nature's storehouse, albeit 
unknown, or what has previously been 
known to exist." Id. at 1401, 166 USPQ 
at 261-62. Like other chemical 
compounds, DNA molecules are eligible 
for patents when isolated from their 
natural state and purified or when 
synthesized in a laboratory from 
chemical starting materials. 

A patent on a gene covers the isolated 
and purified gene but does not cover the 
gene as it occurs in nature. Thus, the 
concern that a person whose body 



"includes" a patented gene could 
infringe the patent is mis founded. The 
body does not contain the patented, 
isolated and purified gene because 
genes in the body are not in the 
patented, isolated and purified form. 
When the patent issued for purified 
adrenaline about one hundred years ago, 
people did not infringe the patent 
merely because their bodies naturally 
included unpurified adrenaline. 

(3) Comment: Several comments 
suggested that the USPTO should seek 
guidance from Congress as to whether 
naturally occurring genetic sequences 
are patentable subject matter. Response: 
The suggestion is not adopted. Congress 
adopted the current statute defining 
patentable subject matter (35 U.S.C. 101) 
in 1952. The legislative history indicates 
that Congress intended "anything under 
the sun that is made by man" to be 
eligible for patenting. S. Rep. No. 1979, 
82d Cong., 2d Sess., 5 (1952); H.R. Rep. 
No. 1923, 82d Cong., 2d Sess., 6 (1952). 
The Supreme Court interprets the 
statute to cover a "nonnaturally 
occurring manufacture or composition 
of matter — a product of human 
ingenuity." Diamond v. Chakrabarty, 
447 U.S. 303, 309, 206 USPQ 193, 197 
(1980). Thus, the intent of Congress 
with regard to patent eligibility for 
chemical compounds has already been 
determined: DNA compounds having 
naturally occurring sequences are 
eligible for patenting when isolated 
from their natural state and purified, 
and when the application meets the 
statutory criteria for patentability. The 
genetic sequence data represented by 
strings of the letters A, T, C and G alone 
is raw, fundamental sequence data, i.e., 
nonfunctional descriptive information. 
While descriptive sequence information 
alone is not patentable subject matter, a 
new and useful purified and isolated 
DNA compound described by the 
sequence is eligible for patenting, 
subject to satisfying the other criteria for 
patentability. 

(4) Comment: Several comments state 
that patents should not issue for genes 
because the sequence of the human 
genome is at the core of what it means 
to be human and no person should be 
able to own/control something so basic. 
Other comments stated that patents 
should be for marketable inventions and 
not for discoveries in nature. Response: 
The comments are not adopted. Patents 
do not confer ownership of genes, 
genetic information, or sequences. The 
patent system promotes progress by 
securing a complete disclosure of an 
invention to the public, in exchange for 
the inventor's legal right to exclude 
other people from making, using, 
offering for sale, selling, or importing 
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the composition for a limited time. That 
is, a patent owner can stop infringing 
activity by others for a limited time. 

Discoveries from nature have led to 
marketable inventions in the past, but 
assessing the marketability of an 
invention is not pertinent to 
determining if an invention has a 
specific, substantial, and credible use. 
"[Development of a product to the 
extent that it is presently commercially 
salable in the marketplace is not 
required to establish 'usefulness' within 
the meaning of § 101." In re Langer, 503 
F.2d 1380, 1393, 183 USPQ 288, 298 
(CCPA 1974). Inventors are entitled to 
patents when they have met the 
statutory requirements for novelty, 
nonobviousness and usefulness, and 
their patent disclosure adequately 
describes the invention and clearly 
teaches others how to make and use the 
invention. The utility requirement, as 
explained by the courts, only requires 
that the inventor disclose a practical or 
real world benefit available from the 
invention, i.e., a specific, substantial 
and credible utility. As noted in a 
response to other comments, it is a long 
tradition in the United States that 
discoveries from nature which are 
transformed into new and useful 
products are eligible for patents. 

(5) Comment: Several comments state 
that the Guidelines mean that anyone 
who discovers a gene will be allowed a 
broad patent covering any number of 
possible applications even though those 
uses may be unattainable and unproven. 
Therefore, according to these comments, 
gene patents should not be issued. 
Response: The comment is not adopted. 
When a patent claiming a new chemical 
compound issues, the patentee has the 
right to exclude others from making, 
using, offering for sale, selling, or 
importing the compound for a limited 
time. The patentee is required to 
disclose only one utility, that is, teach 
others how to use the invention in at 
least one way. The patentee is not 
required to disclose all possible uses, 
but promoting the subsequent discovery 
of other uses is one of the benefits of the 
patent system. When patents for genes 
are treated the same as for other 
chemicals, progress is promoted because 
the original inventor has the possibility 
to recoup research costs, because others 
are motivated to invent around the 
original patent, and because a new 
chemical is made available as a basis for 
future research. Other inventors who 
develop new and nonobvious methods 
of using the patented compound have 
the opportunity to patent those 
methods. 

(6) Comment: One comment suggests 
that the USPTO should not allow the 



patenting of ESTs because it is contrary 
to indigenous law, because the Supreme 
Court's Diamond v, Chakrabarty 
decision was a bare 5-to-4 decision, 
because it would violate the Thirteenth 
Amendment of the U.S. Constitution, 
because it violates the novelty 
requirement of the patent laws, because 
it will exacerbate tensions between 
indigenous peoples and western 
academic/research communities and 
because it will undermine indigenous 
peoples' own research and academic 
institutions. The comment urges the 
USPTO to institute a moratorium on 
patenting of life forms and natural 
processes. Response: The comments are 
not adopted. Patents on chemical 
compounds such as ESTs do not 
implicate the Thirteenth Amendment. 
The USPTO must administer the patent 
statutes as the Supreme Court interprets 
them. When Congress enacted § 101, it 
indicated that "anything under the sun 
that is made by man" is subject matter 
for a patent. S. Rep. No. 1979, 82d 
Cong., 2d Sess., 5 (1952); H.R. Rep. No. 
1923, 82d Cong., 2d Sess., 6 (1952). The 
Supreme Court has interpreted § 101 
many times without overturning it. See, 
e.g., Diamond v. Diehr, 450 U.S. 175, 
209 USPQ 1 (1981) (discussing cases 
construing section 101). Under United 
States law, a patent applicant is entitled 
to a patent when an invention meets the 
patentability criteria of title 35. Thus, 
ESTs which meet the criteria for utility, 
novelty, and nonobviousness are 
eligible for patenting when the 
application teaches those of skill in the 
art how to make and use the invention. 

(7) Comment: Several comments state 
that patents should not issue for genes 
because patents on genes are delaying 
medical research and thus there is no 
societal benefit associated with gene 
patents. Others state that granting 
patents on genes at any stage of research 
deprives others of incentives and the 
ability to continue exploratory research 
and development. Some comment that 
patentees will deny access to genes and 
our property (our genes) will be owned 
by others. Response: The comments are 
not adopted. The incentive to make 
discoveries and inventions is generally 
spurred, not inhibited, by patents. The 
disclosure of genetic inventions 
provides new opportunities for further 
development. The patent statutes 
provide that a patent must be granted 
when at least one specific, substantial 
and credible utility has been disclosed, 
and the application satisfies the other 
statutory requirements. As long as one 
specific, substantial and credible use is 
disclosed and the statutory 
requirements are met, the USPTO is not 



authorized to withhold the patent until 
another, or better, use is discovered. 
Other researchers may discover higher, 
better or more practical uses, but they 
are advantaged by the starting point that 
the original disclosure provides. A 
patent grants exclusionary rights over a 
patented composition but does not grant 
ownership of the composition. Patents 
are not issued on compositions in the 
natural environment but rather on 
isolated and purified compositions. 

(8) Comment: Several comments 
stated that DNA should be considered 
unpatentable because a DNA sequence 
by itself has little utility. Response: A 
DNA sequence — i.e., the sequence of 
base pairs making up a DNA molecule — 
is simply one of the properties of a DNA 
molecule. Like any descriptive property, 
a DNA sequence itself is not patentable. 
A purified DNA molecule isolated from 
its natural environment, on the other 
hand, is a chemical compound and is 
patentable if all the statutory 
requirements are met. An isolated and 
purified DNA molecule may meet the 
statutory utility requirement if, e.g., it 
can be used to produce a useful protein 
or it hybridizes near and serves as a 
marker for a disease gene. Therefore, a 
DNA molecule is not per se 
unpatentable for lack of utility, and each 
application claim must be examined on 
its own facts. 

(9) Comment: One comment states 
that the disclosure of a DNA sequence 
has inherent value and that possible 
uses for the DNA appear endless, even 
if no single use has been worked out. 
According to the comment, the "basic 
social contract of the patent deal" 
requires that such a discovery should be 
patentable, and that patenting should be 
"value-blind." Response; The comment 
is not adopted. The Supreme Court did 
not find a similar argument persuasive 
in Brenner v. Manson, 383 U.S. 519 
(1966). The courts interpret the statutory 
term "useful" to require disclosure of at 
least one available practical benefit to 
the public. The Guidelines reflect this 
determination by requiring the 
disclosure of at least one specific, 
substantial, and credible utility. If no 
such utility is disclosed or readily 
apparent from an application, the Office 
should reject the claim. The applicant 
may rebut the Office position by 
showing that the invention does have a 
specific, substantial, and credible utility 
that would have been recognized by one 
of skill in the art at the time the 
application was filed. 

(10) Comment: Several comments 
stated that the scope of patent claims 
directed to DNA should be limited to 
applications or methods of using DNA, 
and should not be allowed to 
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encompass the DNA itself. Response: 
The comment is not adopted. Patentable 
subject matter includes both 
' 'process [es]" and "composition[s] of 
matter." 35 U.S.C. 101. Patent law 
provides no basis for treating DNA 
differently from other chemical 
compounds that are compositions of 
matter. If a patent application claims a 
composition of matter comprising DNA, 
and the claims meet all the statutory 
requirements of patentability, there is 
no legal basis for rejecting the 
application. 

(11) Comment: Several comments 
stated that DNA patent claim scope 
should be limited to uses that are 
disclosed in the patent application and 
that allowing patent claims that 
encompass DNA itself would enable the 
inventor to assert claims to 
"speculative" uses of the DNA that were 
not foreseen at the time the patent 
application was filed. Response: The 
comment is not adopted. A patent on a 
composition gives exclusive rights to the 
composition for a limited time, even if 
the inventor disclosed only a single use 
for the composition. Thus, a patent 
granted on an isolated and purified 
DNA composition confers the right to 
exclude others from any method of 
using that DNA composition, for up to 
20 years from the filing date. This result 
flows from the language of the statute 
itself. When the utility requirement and 
other requirements are satisfied by the 
application, a patent granted provides a 
patentee with the right to exclude others 
from, inter alia, "using" the patented 
composition of matter. See 35 U.S.C. 
154. Where a new use is discovered for 
a patented DNA composition, that new 
use may qualify for its own process 
patent, notwithstanding that the DNA 
composition itself is patented, 

By statute, a patent is required to 
disclose one practical utility. If a well- 
established utility is readily apparent, 
the disclosure is deemed to be implicit. 
If an application fails to disclose one 
specific, substantial, and credible 
utility, and the examiner discerns no 
well-established utility, the examiner 
will reject the claim under section 101. 
The rejection shifts the burden to the 
applicant to show that the examiner 
erred, or that a well-established utility 
would have been readily apparent to 
one of skill in the art. The applicant 
cannot rebut the rejection by relying on 
a utility that would not have been 
readily apparent at the time the 
application was filed. See, e.g., In re 
Wright, 999 F.2d 1557, 1562-63, 27 
USPQ2d 1510, 1514 (Fed. Cir. 1993) 
("developments occurring after the 
filing date of an application are of no 



significance regarding what one skilled 
in the art believed as of the filing date"). 

(12) Comment: Several comments 
stated that DNA should be freely 
available for research. Some of these 
comments suggested that patents are not 
necessary to encourage additional 
discovery and sequencing of genes. 
Some comments suggested that 
patenting of DNA inhibits biomedical 
research by allowing a single person or 
company to control use of the claimed 
DNA. Another comment expressed 
concern that patenting ESTs will 
impede complete characterization of 
genes and delay or restrict exploration 
of genetic materials for the public good. 
Response: The scope of subject matter 
that is eligible for a patent, the 
requirements that must be met in order 
to be granted a patent, and the legal 
rights that are conveyed by an issued 
patent, are all controlled by statutes 
which the USPTO must administer. 
"Whoever invents or discovers any new 
and useful * * * composition of matter 
* * * may obtain a patent therefor." 35 
U.S.C. 101. Congress creates the law and 
the Federal judiciary interprets the law. 
The USPTO must administer the laws as 
Congress has enacted them and as the 
Federal courts have interpreted them. 
Current law provides that when the 
statutory patentability requirements are 
met, there is no basis to deny patent 
applications claiming DNA 
compositions, or to limit a patent's 
scope in order to allow free access to the 
use of the invention during the patent 
term. 

(13) Comment: Several comments 
suggested that DNA sequences should 
be considered unpatentable because 
sequencing DNA has become so routine 
that determining the sequence of a DNA 
molecule is not inventive. Response: 
The comments are not adopted. A DNA 
sequence is not patentable because a 
sequence is merely descriptive 
information about a molecule. An 
isolated and purified DNA molecule 
may be patentable because a molecule is 
a "composition of matter," one of the 
four classes of invention authorized by 
35 U.S.C. 101. A DNA molecule must be 
nonobvious in order to be patentable. 
Obviousness does not depend on the 
amount of work required to characterize 
the DNA molecule. See 35 U.S.C. 103(a) 
("Patentability shall not be negatived by 
the manner in which the invention was 
made."). As the nonobviousness 
requirement has been interpreted by the 
U.S. Court of Appeals for the Federal 
Circuit, whether a claimed DNA 
molecule would have been obvious 
depends on whether a molecule having 
the particular structure of the DNA 
would have been obvious to one of 



ordinary skill in the art at the time the 
invention was made. See, e.g., In re 
Deuel, 51 F.3d 1552, 1559, 34 USPQ2d 
1210, 1215 (Fed. Cir. 1995) ("[T]he 
existence of a general method of 
isolating cDNA or DNA molecules is 
essentially irrelevant to the question 
whether the specific molecules 
themselves would have been obvious."); 
see also, In re Bell, 991 F.2d 781, 26 
USPQ2d 1529 (Fed. Cir. 1993). 

(14) Comment: One comment 
suggested that genes ought to be 
patentable only when the complete 
sequence of the gene is disclosed and a 
function for the gene product has been 
determined. Response: The suggestion is 
not adopted. To obtain a patent on a 
chemical compound such as DNA, a 
patent applicant must adequately 
describe the compound and must 
disclose how to make and use the 
compound. 35 U.S.C. 101, 112. "An 
adequate written description of a DNA 

* * * requires a precise definition, such 
as by structure, formula, chemical 
name, or physical properties." Univ. of 
California v. Eli Lilly & Co., 119 F.3d 
1559, 1556, 43 USPQ2d 1398, 1404 
(Fed. Cir. 1997) (emphasis added, 
internal quote omitted). Thus, 
describing the complete chemical 
structure, i.e., the DNA sequence, is one 
method of describing a DNA molecule 
but it is not the only method. In 
addition, the utility of a claimed DNA 
does not necessarily depend on the 
function of the encoded gene product. A 
claimed DNA may have a specific and 
substantial utility because, e.g., it 
hybridizes near a disease-associated 
gene or it has a gene-regulating activity. 

(15) Comment: One comment stated 
that the specification should "disclose 
the invention," including why the 
invention works and how it was 
developed. Response: The comment is 
not adopted. The comment is directed 
more to the requirements imposed by 35 
U.S.C. 112 than to those of 35 U.S.C. 
101. To satisfy the enablement 
requirement of 35 U.S.C. 112, 11, an 
application must disclose the claimed 
invention in sufficient detail to enable 

a person of ordinary skill in the art to 
make and use the claimed invention. To 
satisfy the written description 
requirement of 35 U.S.C. 112, 1, the 
description must show that the 
applicant was in possession of the 
claimed invention at the time of filing. 
If all the requirements under 35 U.S.C. 
112, 11, are met, there is no statutory 
basis to require disclosure of why an 
invention works or how it was 
developed. "[I]t is not a requirement of 
patentability that an inventor correctly 
set forth, or even know, how or why the 
invention works." Newman v. Quigg, 
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877 F.2d 1575, 1581, 11 USPQ2d 1340, 
1345 (Fed. Cir. 1989). 

(16) Comment: One comment 
suggested that patents should "allow for 
others to learn from and improve the 
invention." The comment suggested that 
claims to patented plant varieties 
should not prohibit others from using 
the patented plants to develop improved 
varieties. The comment also stated that 
uses of plants in speculative manners 
should not be permitted. Response: By 
statute, a patent provides the patentee 
with the right to exclude others from, 
infer alia, making and using the claimed 
invention, although a limited research 
exemption exists. See 35 U.S.C. 163, 
271(a), (e). These statutory provisions 
are not subject to revision by the USPTO 
and are not affected by these Guidelines. 
Where a plant is claimed in a utility 
patent application, compliance with the 
statutory requirements for utility under 
35 U.S.C. 101 only requires that a 
claimed invention be supported by at 
least one specific, substantial and 
credible utility. It is somewhat rare for 
academic researchers to be sued by 
commercial patent owners for patent 
infringement, Most inventions are made 
available to academic researchers on 
very favorable licensing terms, which 
enable them to continue their research. 

(17) Comment: Two comments 
suggested that although the USPTO has 
made a step in the right direction in 
raising the bar in the Utility Guidelines, 
there is still a need to apply stricter 
standards for utility. Response: The 
USPTO is bound by 35 U.S.C. 101 and 
the case law interpreting § 101. The 
Guidelines reflect the USPTO's 
understanding of § 101. 

(18) Comment: Several comments 
addressed specific concerns about the 
examiner training materials. Response: 
The comments received with respect to 
the training materials will be taken 
under advisement as the Office revises 
the training materials. Except for 
comments with regard to whether 
sequence homology is sufficient to 
demonstrate a specific and substantial 
credible utility, specific concerns about 
the training materials will not be 
addressed herein as they will not impact 
the language of the guidelines. 

(19) Comment: Several comments 
suggested that the use of computer- 
based analysis of nucleic acids to assign 
a function to a given nucleic acid based 
upon homology to prior art nucleic 
acids found in databases is highly 
unpredictable and cannot form a basis 
for an assignment of function to a 
putatively encoded protein. These 
comments also indicate that even in 
instances where a general functional 
assignment may be reasonable, the 



assignment does not provide 
information regarding the actual 
biological activity of an encoded protein 
and therefore patent claims drawn to 
such nucleic acids should be limited to 
method of use claims that are explicitly 
supported by the as-filed 
specification^). These comments also 
state that if homology-based utilities are 
acceptable, then the nucleic acids, and 
proteins encoded thereby, should be 
considered as obvious over the prior art 
nucleic acids. On the other hand, one 
comment stated that homology is a 
standard, art-accepted basis for 
predicting utility, while another 
comment stated that any level of 
homology to a protein with known 
utility should be accepted as indicative 
of utility. Response: The suggestions to 
adopt a per se rule rejecting homology- 
based assertions of utility are not 
adopted. An applicant is entitled to a 
patent to the subject matter claimed 
unless statutory requirements are not 
met (35 U.S.C. 101, 102, 103, 112). 
When the USPTO denies a patent, the 
Office must set forth at least a prima 
facie case as to why an applicant has not 
met the statutory requirements. The 
inquiries involved in assessing utility 
are fact dependent, and the 
determinations must be made on the 
basis of scientific evidence. Reliance on 
the commenters' per se rule, rather than 
a fact dependent inquiry, is 
impermissible because the commenters 
provide no scientific evidence that 
homology-based assertions of utility are 
inherently unbelievable or involve 
implausible scientific principles. See, 
e.g., In re Brana, 51 F.3d 1560, 1566, 34 
USPQ2d 1436, 1441 (Fed. Cir. 1995) 
(rejection of claims improper where 
claims did "not suggest an inherently 
unbelievable undertaking or involve 
implausible scientific principles' and 
where "prior art * * * discloses 
structurally similar compounds to those 
claimed by the applicants which have 
been proven * * * to be effective"). 

A patent examiner must accept a 
utility asserted by an applicant unless 
the Office has evidence or sound 
scientific reasoning to rebut the 
assertion. The examiner's decision must 
be supported by a preponderance of all 
the evidence of record. In re Oetiker, 
977 F.2d 1443, 1445, 24 USPQ2d 1443, 
1444 (Fed. Cir. 1992). More specifically, 
when a patent application claiming a 
nucleic acid asserts a specific, 
substantial, and credible utility, and 
bases the assertion upon homology to 
existing nucleic acids or proteins having 
an accepted utility, the asserted utility 
must be accepted by the examiner 
unless the Office has sufficient evidence 



or sound scientific reasoning to rebut 
such an assertion. "[A] 'rigorous 
correlation' need not be shown in order 
to establish practical utility; 'reasonable 
correlation' is sufficient." Fujikawa v. 
Wattanasin, 93 F.3d 1559, 1565, 39 
USPQ2d 1895, 1900 (Fed. Cir. 1996). 
The Office will take into account both 
the nature and degree of the homology. 

When a class of proteins is defined 
such that the members share a specific, 
substantial, and credible utility, the 
reasonable assignment of a new protein 
to the class of sufficiently conserved 
proteins would impute the same 
specific, substantial, and credible utility 
to the assigned protein. If the 
preponderance of the evidence of 
record, or of sound scientific reasoning, 
casts doubt upon such an asserted 
utility, the examiner should reject the 
claim for lack of utility under 35 U.S.C. 
101. For example, where a class of 
proteins is defined by common 
structural features, but evidence shows 
that the members of the class do not 
share a specific, substantial functional 
attribute or utility, despite having 
structural features in common, 
membership in the class may not 
impute a specific, substantial, and 
credible utility to a new member of the 
class. When there is a reason to doubt 
the functional protein assignment, the 
utility examination may turn to whether 
or not the asserted protein encoded by 
a claimed nucleic acid has a well- 
established use. If there is a well- 
established utility for the protein and 
the claimed nucleic acid, the claim 
would meet the requirements for utility 
under 35 U.S.C. 101. If not, the burden 
shifts to the applicant to provide 
evidence supporting a well-established 
utility. There is no per se rule regarding 
homology, and each application must be 
judged on its own merits. 

The comment indicating that if a 
homology-based utility could meet the 
requirements set forth under 35 U.S.C. 
101, then the invention would have 
been obvious, is not adopted. Assessing 
nonobviousness under 35 U.S.C. 103 is 
separate from analyzing the utility 
requirements under 35 U.S.C. 101. 
When a claim to a nucleic acid 
supported by a homology-based utility 
meets the utility requirement of section 
101, it does not follow that the claimed 
nucleic acid would have been prima 
facie obvious over the nucleic acids to 
which it is homologous. "[S]ection 103 
requires a fact-intensive comparison of 
the [claim] with the prior art rather than 
the mechanical application of one or 
another per se rule." In re Ochiai, 71 
F.3d 1565, 1571, 37 USPQ2d 1127, 1132 
(Fed. Cir. 1995). Nonobviousness must 
be determined according to the analysis 
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in Graham v. John Deere, 383 U.S. 1, 
148 USPQ 459 (1966). See also, In re 
Dillon, 919 F.2d 688, 692, 16 USPQ2d 
1897, 1901 (Fed, Cir. 1990) (in banc) 
("structural similarity between claimed 
and prior art subject matter, * * * 
where the prior art gives reason or 
motivation to make the claimed 
compositions, creates a prima facie case 
of obviousness") (emphasis added). 
Where "the prior art teaches a specific, 
structurally-definable compound [] the 
question becomes whether the prior art 
would have suggested making the 
specific molecular modifications 
necessary to achieve the claimed 
invention." In re Deuel, 51 F.3d 1552, 
1558, 34 USPQ2d 1210, 1214 (Fed. Cir. 
1995). 

(20) Comment: Several comments 
indicated that in situations where a 
well-established utility is relied upon 
for compliance with 35 U.S.C. 101, the 
record should reflect what that utility is. 
One comment stated that the record 
should reflect whether the examiner 
accepted an asserted utility or relied 
upon a well-established utility after 
dismissing all asserted utilities. Another 
comment stated that when the examiner 
relies on a well-established utility not 
explicitly asserted by the applicant, the 
written record should clearly identify 
this utility and the rationale for 
considering it specific and substantial. 
Response: The comments are not 
adopted. Only one specific, substantial 
and credible utility is required to satisfy 
the statutory requirement. Where one or 
more well-established utilities would 
have been readily apparent to those of 
skill in the art at the time of the 
invention, an applicant may rely on any 
one of those utilities without prejudice. 
The record of any issued patent 
typically reflects consideration of a 
number of references in the prior art 
that the applicant or the examiner 
considered material to the claimed 
invention. These references often 
indicate uses for related inventions, and 
any patents listed typically disclose 
utilities for related inventions. Thus, 
even when the examiner does not 
identify a well-established utility, the 
record as a whole will likely disclose 
readily apparent utilities. Just as the 
examiner without comment may accept 
a properly asserted utility, there is no 
need for an examiner to comment on the 
existence of a well-established utility. 
However, the Guidelines have been 
revised to clarify that a well-established 
utility is a specific, substantial, and 
credible utility that must be readily 
apparent to one skilled in the art. Most 
often, the closest prior art cited and 
applied in the course of examining the 



application will demonstrate a well- 
established utility for the invention. 

(21) Comment: Several comments 
stated that the Guidelines erroneously 
burden the examiner with proving that 
a person of skill in the art would not be 
aware of a well-established utility. One 
comment states that this requires the 
examiner to prove a negative. Another 
comment states that the Guidelines 
should direct examiners that if a 
specific utility has not been disclosed, 
the applicant should be required to 
identify a specific utility. Response: The 
comments have been adopted in part. 
The Guidelines have been revised to 
indicate that where the applicant has 
not asserted a specific, substantial, and 
credible utility, and the examiner does 
not perceive a well-established utility, a 
rejection under § 101 should be entered. 
That is, if a well-established utility is 
not readily apparent and an invention is 
not otherwise supported by an asserted 
specific, substantial, and credible 
utility, the burden will be shifted to 
applicant to show either that the 
specification discloses an adequate 
utility, or to show that a well- 
established utility exists for the claimed 
invention. Again, most often the search 
of the closest prior art will reveal 
whether there is a well-established 
utility for the claimed invention. 

(22) Comment: Several comments 
suggested that further clarification was 
required with regard to the examiner's 
determination that there is an adequate 
nexus between a showing supporting a 
well-established utility and the 
application as filed. The comments 
indicated that the meaning of this 
"nexus" was unclear. Response: The 
Guidelines have been modified to reflect 
that evidence provided by an applicant 
is to be analyzed with regard to a 
concordance between the showing and 
the full scope and content of the 
claimed invention as disclosed in the 
application as filed. In situations where 
the showing provides adequate evidence 
that the claim is supported by at least 
one asserted specific, substantial, and 
credible or well-established utility, the 
rejections under 35 U.S.C. 101 and 112, 
first paragraph, will be withdrawn. 
However, the examiner is instructed to 
consider whether or not the 
specification, in light of applicant's 
showing, is enabled for the use of the 
full scope of the claimed invention. 
Many times prior patents and printed 
publications provided by applicant will 
clearly demonstrate that a well- 
established utility exists. 

(23) Comment: One comment states 
that the Office is using an improper 
standard in assessing "specific" utility. 
According to the comment, a distinction 



between "specific" and "general" 
utilities is an overreaching 
interpretation of the specificity 
requirement in the case law because 
"unique" or "particular" utilities have 
never been required by the law. The 
comment states that the specificity 
requirement concerns sufficiency of 
disclosure, i.e., teaching how to make 
and use a claimed invention, not the 
utility requirement. The comment states 
that the specificity requirement is to be 
distinguished from the "substantial" 
utility requirement, and that the 
Brenner v. Manson decision concerned 
only a "substantial" utility issue, not 
specificity. Response: The comment is 
not adopted. The disclosure of only a 
general utility rather than a particular 
utility is insufficient to meet statutory 
requirements. Although the specificity 
requirement is relevant to § 112, it is not 
severable from the utility requirement. 

[S]urely Congress intended § 112 to pre- 
suppose full satisfaction of the requirements 
of § 101. Necessarily, compliance with § 112 
requires a description of how to use presently 
useful inventions, otherwise an applicant 
would anomalously be required to teach how 
to use a useless invention. As this court 
stated in Diederich, quoting with approval 
from the decision of the board: 

'We do not believe that it was the intention 
of the statutes to require the Patent Office, 
the courts, or the public to play the sort of 
guessing game that might be involved if an 
applicant could satisfy the requirements of 
the statutes by indicating the usefulness of a 
claimed compound in terms of possible use 
so general as to be meaningless and then, 
after his research or that of his competitors 
has definitely ascertained an actual use for 
the compound, adducing evidence intended 
to show that a particular specific use would 
have been obvious to men skilled in the 
particular art to which this use relates.' As 
the Supreme Court said in Brenner v. 
Manson: 

' * * * a patent is not a hunting license. It 
is not a reward for the search, but 
compensation for its successful conclusion.' 

In re Kirk, 376 F.2d 936, 942, 153 
USPQ 48, 53 (CCPA 1967) [affirming 
rejections under §§ 101 and 112) 
(emphasis in original). 

II. Guidelines for Examination of 
Applications for Compliance With the 
Utility Requirement 

A. Introduction 

The following Guidelines establish 
the policies and procedures to be 
followed by Office personnel in the 
evaluation of any patent application for 
compliance with the utility 
requirements of 35 U.S.C. 101 and 112. 
These Guidelines have been 
promulgated to assist Office personnel 
in their review of applications for 
compliance with the utility 
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requirement. The Guidelines do not 
alter the substantive requirements of 35 
U.S.C. 101 and 112, nor are they 
designed to obviate the examiner's 
review of applications for compliance 
with all other statutory requirements for 
patentability. The Guidelines do not 
constitute substantive rulemaking and 
hence do not have the force and effect 
of law. Rejections will be based upon 
the substantive law, and it is these 
rejections which are appealable. 
Consequently, any perceived failure by 
Office personnel to follow these 
Guidelines is neither appealable nor 
petitionable. 

B. Examination Guidelines for the 
Utility Requirement 

Office personnel are to adhere to the 
following procedures when reviewing 
patent applications for compliance with 
the "useful invention" ("utility") 
requirement of 35 U.S.C. 101 and 112, 
first paragraph. 

1. Read the claims and the supporting 
written description. 

(a) Determine what the applicant has 
claimed, noting any specific 
embodiments of the invention. 

(b) Ensure that the claims define 
statutory subject matter [i.e., a process, 
machine, manufacture, composition of 
matter, or improvement thereof). 

(c) If at any time during the 
examination, it becomes readily 
apparent that the claimed invention has 
a well-established utility, do not impose 
a rejection based on lack of utility. An 
invention has a well-established utility 
(1) if a person of ordinary skill in the art 
would immediately appreciate why the 
invention is useful based on the 
characteristics of the invention [e.g., 
properties or applications of a product 
or process), and (2) the utility is 
specific, substantial, and credible. 

2. Review the claims and the 
supporting written description to 
determine if the applicant has asserted 
for the claimed invention any specific 
and substantial utility that is credible: 

(a) If the applicant has asserted that 
the claimed invention is useful for any 
particular practical purpose {i.e., it has 
a "specific and substantial utility") and 
the assertion would be considered 
credible by a person of ordinary skill in 
the art, do not impose a rejection based 
on lack of utility. 

(1) A claimed invention must have a 
specific and substantial utility. This 
requirement excludes "throw-away," 
"insubstantial," or "nonspecific" 
utilities, such as the use of a complex 
invention as landfill, as a way of 
satisfying the utility requirement of 35 
U.S.C. 101. 



(2) Credibility is assessed from the 
perspective of one of ordinary skill in 
the art in view of the disclosure and any 
other evidence of record [e.g., test data, 
affidavits or declarations from experts in 
the art, patents or printed publications) 
that is probative of the applicant's 
assertions. An applicant need only 
provide one credible assertion of 
specific and substantial utility for each 
claimed invention to satisfy the utility 
requirement. 

(d) If no assertion of specific and 
substantial utility for the claimed 
invention made by the applicant is 
credible, and the claimed invention 
does not have a readily apparent well- 
established utility, reject the claim(s) 
under § 101 on the grounds that the 
invention as claimed lacks utility. Also 
reject the claims under § 112, first 
paragraph, on the basis that the 
disclosure fails to teach how to use the 
invention as claimed. The § 112, first 
paragraph, rejection imposed in 
conjunction with a § 101 rejection 
should incorporate by reference the 
grounds of the corresponding § 101 
rejection. 

(c) If the applicant has not asserted 
any specific and substantial utility for 
the claimed invention and it does not 
have a readily apparent well-established 
utility, impose a rejection under § 101, 
emphasizing that the applicant has not 
disclosed a specific and substantial 
utility for the invention. Also impose a 
separate rejection under § 112, first 
paragraph, on the basis that the 
applicant has not disclosed how to use 
the invention due to the lack of a 
specific and substantial utility. The 
§§ 101 and 112 rejections shift the 
burden of coming forward with 
evidence to the applicant to: 

(1) Explicitly identify a specific and 
substantial utility for the claimed 
invention; and 

(2) Provide evidence that one of 
ordinary skill in the art would have 
recognized that the identified specific 
and substantial utility was well 
established at the time of filing. The 
examiner should review any 
subsequently submitted evidence of 
utility using the criteria outlined above. 
The examiner should also ensure that 
there is an adequate nexus between the 
evidence and the properties of the now 
claimed subject matter as disclosed in 
the application as filed. That is, the 
applicant has the burden to establish a 
probative relation between the 
submitted evidence and the originally 
disclosed properties of the claimed 
invention. 

3. Any rejection based on lack of 
utility should include a detailed 
explanation why the claimed invention 



has no specific and substantial credible 
utility. Whenever possible, the examiner 
should provide documentary evidence 
regardless of publication date [e.g., 
scientific or technical journals, excerpts 
from treatises or books, or U.S. or 
foreign patents) to support the factual 
basis for the prima facie showing of no " 
specific and substantial credible utility. 
If documentary evidence is not 
available, the examiner should 
specifically explain the scientific basis 
for his or her factual conclusions. 

(a) Where the asserted utility is not 
specific or substantial, a prima facie 
showing must establish that it is more 
likely than not that a person of ordinary 
skill in the art would not consider that 
any utility asserted by the applicant 
would be specific and substantial. The 
prima facie showing must contain the 
following elements: 

(1) An explanation that clearly sets 
forth the reasoning used in concluding 
that the asserted utility for the claimed 
invention is not both specific and 
substantial nor well-established; 

(2) Support for factual findings relied 
upon in reaching this conclusion; and 

(3) An evaluation of all relevant 
evidence of record, including utilities 
taught in the closest prior art. 

(b) Where the asserted specific and 
substantial utility is not credible, a 
prima facie showing of no specific and 
substantial credible utility must 
establish that it is more likely than not 
that a person skilled in the art would 
not consider credible any specific and 
substantial utility asserted by the 
applicant for the claimed invention. 

The prima facie showing must 
contain the following elements: 

(1) An explanation that clearly sets 
forth the reasoning used in concluding 
that the asserted specific and substantial 
utility is not credible; 

(2) Support for factual findings relied 
upon in reaching this conclusion; and 

(3) An evaluation of all relevant 
evidence of record, including utilities 
taught in the closest prior art. 

(c) Where no specific and substantial 
utility is disclosed or is well- 
established, a prima facie showing of no 
specific and substantial utility need 
only establish that applicant has not 
asserted a utility and that, on the record 
before the examiner, there is no known 
well-established utility. 

4. A rejection based on lack of utility 
should not be maintained if an asserted 
utility for the claimed invention would 
be considered specific, substantial, and 
credible by a person of ordinary skill in 
the art in view of all evidence of record. 

Office personnel are reminded that 
they must treat as true a statement of 
fact made by an applicant in relation to 
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an asserted utility, unless countervailing 
evidence can be provided that shows 
that one of ordinary skill in the art 
would have a legitimate basis to doubt 
the credibility of such a statement. 
Similarly, Office personnel must accept 
an opinion from a qualified expert that 
is based upon relevant facts whose 
accuracy is not being questioned; it is 
improper to disregard the opinion solely 
because of a disagreement over the 
significance or meaning of the facts 
offered. 

Once a prima facie showing of no 
specific and substantial credible utility 
has been properly established, the 
applicant bears the burden of rebutting 
it. The applicant can do this by 
amending the claims, by providing 
reasoning or arguments, or by providing 
evidence in the form of a declaration 
under 37 CFR 1.132 or a patent or a 
printed publication that rebuts the basis 
or logic of the prima facie showing. If 
the applicant responds to the prima 
facie rejection, the Office personnel 
should review the original disclosure, 
any evidence relied upon in establishing 
the prima facie showing, any claim 
amendments, and any new reasoning or 
evidence provided by the applicant in 
support of an asserted specific and 
substantial credible utility. It is essential 
for Office personnel to recognize, fully 
consider and respond to each 
substantive element of any response to 
a rejection based on lack of utility. Only 
where the totality of the record 
continues to show that the asserted 
utility is not specific, substantial, and 
credible should a rejection based on 
lack of utility be maintained. 

If the applicant satisfactorily rebuts a 
prima facie rejection based on lack of 
utility under § 101, withdraw the § 101 
rejection and the corresponding 
rejection imposed under § 112, first 
paragraph. 

Dated: December 29, 2000. 
Q. Todd Dickinson, 

Under Secretary of Commerce for Intellectual 
Property and Director of the United States 
Patent and Trademark Office. 
[FR Doc. 01-322 Filed 1—4—01; 8:45 am] 
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SUMMARY: These Guidelines will be used 
by USPTO personnel in their review of 
patent applications for compliance with 
the "written description" requirement 
of 35 U.S.C. 112, "J l. These Guidelines 
supersede the "Revised Interim 
Guidelines for Examination of Patent 
Applications Under the 35 U.S.C. 112, 
<H 1 'Written Description' Requirement" 
that were published in the Federal 
Register at 64 FR 71427, Dec. 21, 1999, 
and in the Official Gazette at 1231 O.G. 
123, Feb. 29, 2000. These Guidelines 
reflect the current understanding of the 
USPTO regarding the written 
description requirement of 35 U.S.C. 
112, f 1, and are applicable to all 
technologies. 

DATES: The Guidelines are effective as of 
January 5, 2001. 

FOR FURTHER INFORMATION CONTACT: 

Stephen Walsh by telephone at (703) 
305-9035, by facsimile at (703) 305- 
9373, by mail to his attention addressed 
to United States Patent and Trademark 
Office, Box 8, Washington, DC 20231, or 
by electronic mail at 
"stephen.walsh@uspto.gov"; or Linda 
Therkorn by telephone at (703) 305- 
8800, by facsimile at (703) 305-8825, by 
mail addressed to Box Comments, 
Commissioner for Patents, Washington, 
DC 20231, or by electronic mail at 
"linda.therkorn@uspto.gov." 

SUPPLEMENTARY INFORMATION: As of the 

publication date of this notice, these 
Guidelines will be used by USPTO 
personnel in their review of patent 
applications for compliance with the 
"written description" requirement of 35 
U.S.C. 112, ^ l. Because these 
Guidelines only govern internal 
practices, they are exempt from notice 
and comment rulemaking under 5 
U.S.C. 553(b)(A). 

Discussion of Public Comments 

Comments were received from 48 
individuals and 18 organizations in 
response to the request for comments on 
the "Revised Interim Guidelines for 
Examination of Patent Applications 



Under the 35 U.S.C. 112, f i 'Written 
Description' Requirement" published in 
the Federal Register at 64 FR 71427, 
Dec. 21, 1999, and in the Official 
Gazette at 1231 O.G. 123, Feb. 29, 2000. 
The written comments have been 
carefully considered. 

Overview of Comments 

The majority of comments favored 
issuance of final written description 
guidelines with minor revisions. 
Comments pertaining to the written 
description guidelines are addressed in 
detail below. A few comments 
addressed particular concerns with 
respect to the associated examiner 
training materials that are available for 
public inspection at the USPTO web site 
(www.uspto.gov). Such comments will 
be taken under advisement in the 
revision of the training materials; 
consequently, these comments are not 
specifically addressed below as they do 
not impact the content of the 
Guidelines. Several comments raised 
issues pertaining to the patentability of 
ESTs, genes, or genomic inventions with 
respect to subject matter eligibility (35 
U.S.C. 101), novelty (35 U.S.C. 102), or 
obviousness (35 U.S.C. 103). As these 
comments do not pertain to the written 
description requirement under 35 U.S.C. 
112, they have not been addressed. 
However, the aforementioned comments 
are fully addressed in the "Discussion of 
Public Comments" in the "Utility 
Examination Guidelines" Final Notice, 
which will be published at or about the 
same time as the present Guidelines. 

Responses to Specific Comments 

(1) Comment: One comment stated 
that the Guidelines instruct the patent 
examiner to determine the 
correspondence between what applicant 
has described as the essential 
identifying characteristic features of the 
invention and what applicant has 
claimed, and that such analysis will 
lead to error. According to the comment, 
the examiner may decide what 
applicant should have claimed and 
reject the claim for failure to claim what 
the examiner considers to be the 
invention. Another comment suggested 
that the Guidelines should clarify what 
is meant by "essential features of the 
invention." Another comment suggested 
that what applicant has identified as the 
"essential distinguishing 
characteristics" of the invention should 
be understood in terms of Fiers v. Revel, 
984 F.2d 1164, 1169, 25 USPQ2d 1601, 
1605 (Fed. Cir. 1993) ("Conception of a 
substance claimed per se without 
reference to a process requires 
conception of its structure, name, 



an asserted utility, unless countervailing 
evidence can be provided that shows 
that one of ordinary skill in the art 
would have a legitimate basis to doubt 
the credibility of such a statement. 
Similarly, Office personnel must accept 
an opinion from a qualified expert that 
is based upon relevant facts whose 
accuracy is not being questioned; it is 
improper to disregard the opinion solely 
because of a disagreement over the 
significance or meaning of the facts 
offered. 

Once a prima facie showing of no 
specific and substantial credible utility 
has been properly established, the 
applicant bears the burden of rebutting 
it. The applicant can do this by 
amending the claims, by providing 
reasoning or arguments, or by providing 
evidence in the form of a declaration 
under 37 CFR 1.132 or a patent or a 
printed publication that rebuts the basis 
or logic of the prima facie showing. If 
the applicant responds to the prima 
facie rejection, the Office personnel 
should review the original disclosure, 
any evidence relied upon in establishing 
the prima facie showing, any claim 
amendments, and any new reasoning or 
evidence provided by the applicant in 
support of an asserted specific and 
substantial credible utility. It is essential 
for Office personnel to recognize, fully 
consider and respond to each 
substantive element of any response to 
a rejection based on lack of utility. Only 
where the totality of the record 
continues to show that the asserted 
utility is not specific, substantial, and 
credible should a rejection based on 
lack of utility be maintained. 

If the applicant satisfactorily rebuts a 
prima facie rejection based oh lack of 
utility under § 101, withdraw the § 101 
rejection and the corresponding 
rejection imposed under § 112, first 
paragraph. 

Dated: December 29, 2000. 
Q. Todd Dickinson, 

Under Secretary of Commerce for Intellectual 
Property and Director of the United States 
Patent and Trademark Office. 
[FR Doc. 01-322 Filed 1-4-01; 8:45 am] 
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summary: These Guidelines will be used 
by USPTO personnel in their review of 
patent applications for compliance with 
the "written description" requirement 
of 35 U.S.C. 112, 1 1. These Guidelines 
supersede the "Revised Interim 
Guidelines for Examination of Patent 
Applications Under the 35 U.S.C. 112, 
fl 1 'Written Description' Requirement" 
that were published in the Federal 
Register at 64 FR 71427, Dec. 21, 1999, 
and in the Official Gazette at 1231 O G 
123, Feb. 29, 2000. These Guidelines 
reflect the current understanding of the 
USPTO regarding the written 
description requirement of 35 U.S.C. 
112, J 1, and are applicable to all 
technologies. 

DATES: The Guidelines are effective as of 
January 5, 2001. 

FOR FURTHER INFORMATION CONTACT: 

Stephen Walsh by telephone at (703) 
305-9035, by facsimile at (703) 305- 
9373, by mail to his attention addressed 
to United States Patent and Trademark 
Office, Box 8, Washington, DC 20231, or 
by electronic mail at 
"stephen.walsh@uspto.gov"; or Linda 
Therkorn by telephone at (703) 305- 
8800, by facsimile at (703) 305-8825, by 
mail addressed to Box Comments, 
Commissioner for Patents, Washington, 
DC 20231, or by electronic mail at 
"linda.therkorn@uspto.gov. ' ' 

SUPPLEMENTARY INFORMATION: As of the 

publication date of this notice, these 
Guidelines will be used by USPTO 
personnel in their review of patent 
applications for compliance with the 
"written description" requirement of 35 
U.S.C. 112, 1 l. Because these 
Guidelines only govern internal 
practices, they are exempt from notice 
and comment rulemaking under 5 
U.S.C. 553(b)(A). 

Discussion of Public Comments 

Comments were received from 48 
individuals and 18 organizations in 
response to the request for comments on 
the "Revised Interim Guidelines for 
Examination of Patent Applications 



Under the 35 U.S.C. 112, f i 'Written 
Description' Requirement" published in 
the Federal Register at 64 FR 71427 
Dec. 21, 1999, and in the Official 
Gazette at 1231 O.G. 123, Feb. 29, 2000. 
The written comments have been 
carefully considered. 

Overview of Comments 

The majority of comments favored 
issuance of final written description 
guidelines with minor revisions. 
Comments pertaining to the written 
description guidelines are addressed in 
detail below. A few comments 
addressed particular concerns with 
respect to the associated examiner 
training materials that are available for 
public inspection at the USPTO web site 
(www.uspto.gov). Such comments will 
be taken under advisement in the 
revision of the training materials; 
consequently, these comments are not 
specifically addressed below as they do 
not impact the content of the 
Guidelines. Several comments raised 
issues pertaining to the patentability of 
ESTs, genes, or genomic inventions with 
respect to subject matter eligibility (35 
U.S.C 101), novelty (35 U.S.C. 102), or 
obviousness (35 U.S.C. 103). As these 
comments do not pertain to the written 
description requirement under 35 U.S.C. 
112, they have not been addressed. 
However, the aforementioned comments 
are fully addressed in the "Discussion of 
Public Comments" in the "Utility 
Examination Guidelines" Final Notice, 
which will be published at or about the 
same time as the present Guidelines. 

Responses to Specific Comments 

(1) Comment: One comment stated 
that the Guidelines instruct the patent 
examiner to determine the 
correspondence between what applicant 
has described as the essential 
identifying characteristic features of the 
invention and what applicant has 
claimed, and that such analysis will 
lead to error. According to the comment, 
the examiner may decide what 
applicant should have claimed and 
reject the claim for failure to claim what 
the examiner considers to be the 
invention. Another comment suggested 
that the Guidelines should clarify what 
is meant by "essential features of the 
invention." Another comment suggested 
that what applicant has identified as the 
"essential distinguishing 
characteristics" of the invention should 
be understood in terms of Fiers v. Revel 
984 F.2d 1164, 1169, 25 USPQ2d 1601 ' 
1605 (Fed. Cir. 1993) ("Conception of a 
substance claimed per se without 
reference to a process requires 
conception of its structure, name, 
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Regulation of left-right patterning in mice 
by growth/differentiation factor-1 

Christopher T. Rankin', Tracic Buntoir, Ann M. Lawlcr* & Sc-Iin Lee 1 



The transforming growth factor-)! (TGF-|i) superfamily encom- 
passes a large group of structurally related polypeptides that 
are capable of regulating cell growth and differentiation in a 
wide range of embryonic and adult tissues 1 . Growth/differentia- 
tion factor-1 {Gdf-1, encoded by Gdf 1) is a TGF-|i family member 
of unknown function that was originally isolated from an early 
mouse embryo cDNA library 2 and is expressed specifically tn the 
nervous system in late-stage embryos and adult mice 3 . Here we 
show that at . early stages of mouse development, Gdfl is 
expressed initially throughout the embryo proper and then 
most prominently in the primitive node, ventral neural tube, 
and intermediate and lateral plate mesoderm. To examine its 
biological function, we generated a mouse line carrying a tar- 
geted mutation in Gdfh Gdfl^' mice exhibited a spectrum of 
defects related to left-right axis formation, including visceral 
situs inversus, right pulmonary isomerism and a range of cardiac 
anomalies. In most Gdfr'- embryos, the expression of E baf (for- 
merly iefty-1) in the left side of the floor plate and Leftb (for- 
merly lefty-2). nodal and Pitx2 in the left lateral plate mesoderm 



was absent suggesting that Gdf1 acts upstream of these genes 
either directly or indirectly to activate their expression. Our find- 
ings suggest that Gdfl acts early in the pathway of gene activa- 
tion that leads to the establishment of left-right asymmetry. 

Northern-bloi analysis of whole embryo UNA using a Gdfl probe 
delected two developmental!}' regulated transcripts, a L4-kb tran- 
script containing the Gdf J coding region, which was expressed at 
early embryonic stages, and a bi-cistronic 3.0- kb transcript, which 
was expressed in later embryonic stages and in the nervous svsiem 
of adult mice* 1 (l : ig. !</}. To examine the distribution of the 1.4-kh 
Gdfl transcript, we performed whole-mount in titu hybridization 
experiments on early stage mouse embryos. At 7.5 davs posl- 
coilum (d.p.c.), we detected Gdfl mKNA uniformly throughout the 
embryo proper, but not in extra-embryonic structures (f : ig. l/\r). 
My N.0-N.5 d.p.c, we saw ( itlfl mKNA in man)' tissues including the 
crown of the primitive node, ventral neural ectoderm and paraxial, 
intermediate and lateral plale mesoderm (I ; ig. \d-j*l At all stages 
examined, the expression pattern o\Gdfl appeared to be bilaterally 
symmetric with respect to the left -right axis. 
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Fig. 1 Gdfl expression during early mouse development, a, Northern-blot analysis ot whole embryo RNA. Poly(A)* -selected mRNAs prepared from CD-1 mouse 
embryos ai the indicated d.p.c. were electrophoresed, blotted and probed with the entire Gdfl coding sequence, b-g, Whole-mount msitu hybridization analy- 
sis of 7.5 d.p.c. (b. lateral view; c. anterior view). 8.0 d.p.c. (eft and 8.5 d.p.c. (ej mouse embryos. Expression is symmetric at all stages examined, f.g. Sections 
through a 8.5 d.p.c. embryo at the fevels shown in (e). h. Genomic map of the Gdfl locus and targeting strategy. Filled boxes represent the coding sequence for 
UOG l (ref. 3). Open and shaded boxes represent the coding sequences for the pro- and carboxy-terminal regions of Gdf-1 , respectively. A probe derived from 
genomic sequence upstream of the targeting construct hybridizes to a 6-kb EcoRl fragment in wild-type Gdfl and a 4-kb feoRi fragment in a homologously tar- 
geted Gdfl allele, i. Genomic Southern blot of fcoRl-digested liver DNA prepared from newborn offspring of a mating of heterozygous mice. 
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intron I of human F9. Amplified vector sequence yields a PGR fragment of 
7*13 bp. For each sample, a control reaction containing the sample to be 
tested spiked with vector plasmid (50 copies/ug DNA) was also run to 
establish that the sample did not inhibit the PCR reaction. For semen, 3 pg 
of DNA was analysed (1 pg in each of 3 separate reactions); for saliva and 
biopsied muscle, 1 pg; and for urine, serum and stool, DNA was extracted 
from a 1-2 ml volume and analysed. The sensitivity of the assay is 50 copies 
of vector sequence in 1 pg DNA. 

Factor IX levels. We determined F.IX levels using an automated analyser 
(MDA, Organon-Teknika, or MLA-800, Medical Laboratory Automa- 
tion). Plasma test samples were mixed with F.IX-deficient substrate 
(George King, Inc.), and results compared with the degree of correction 
obtained when dilutions of verify reference plasma were added to the same 
F.IX-deficient substrate. The reference curve was linear down to a lower 
limit of 0.3%. 

The F.IX measurements reported here deserve comment, as the 
changes are small. Most clinical laboratories do not report a numerical 
value for clotting factor levels of <1%, but in preparation for this trial, 
the coagulation laboratories at CHOP and Stanford University Medical 
Center prepared detailed standard curves for F.IX, which were linear 
down to levels of -0.3%. Most authorities would agree that an experi- 
enced clinical coagulation laboratory can distinguish between levels 



<]% and >1%. The values of >1% in patient A were actually repeated 
and verified by a third clinical laboratory. Thus it appears that these 
numbers represent an increase from the patient's true baseline, which 
was also verified to be <1% by three clinical laboratories before the 
beginning of the trial. 
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Table 1 • Defects in GdM w - newborn mice 



Heart malformation 
Right pulmonary isomerism 
Gl tract, spleen and pancreas 

Liver 



Kidneys 
Total 



normal 

reversed 

normal 

reversed 

symmetric 

normal 

reversed 

symmetric 



10 



Newborn Gdf1~ ( * mice were classified into groups on the basts of their combinations of anatomical sifus defects. 



To investigate the biological function of GlfL we generated 
mice in which the entire region encoding the mature Gdi- ! pep- 
tide was deleted by gene targeting ( Fig. I//). Among 48 1 offspring 
examined from Cdfl^' intercrosses, only one homozygous 
mutant survived to adulthood. Cuifr'' embryos appeared to be 
viable up to approximately M.5 d.p.c. Only two-thirds of Ci\///' A 
embryos survived until birth, however, and nearly all ol these 
died within the first 4S hours after birth. The cause of death was 
likelv to be related to the presence of extensive cardiac defects, 
although we have not ruled out the possibility thai other abnor- 
malities in these mutants might also have contributed to their 
severely reduced viability. 

Homozygous mutant mice exhibited a complex spectrum ol 
abnormalities related to improper establishment of left-right 
asymmetry (Tabic I and i-ig. 2). The most obvious manifestations 
were the placement of the abdominal organs, which appeared to 
be randomized in Q//7" A mutants with respect to the left -right 
axis. Visceral shits inversus was most readily apparent with respect 



to the stomach, which is normally positioned on the lell side 
(Fig. 2/;-c). In 50% of Gilfi"' mutants the stomach was posi- 
tioned on the right side. In Gtlfl'' mice with rigbl-sided stom- 
achs, the direction of rotation of the small and large intestines was 
also reversed (Fig. 2</,e, and data not shown}. I ience, the gastroin- 
testinal tract appeared to have a mirror-image configuration rela- 
tive to the left -right axis in approximately 50% of (»'//// ; mice. 

Abnormalities in left-right axis formation were evident in 
other abdominal organs as well. For example, the positions ol the 
pancreas and spleen, which are normally left -sided ( Fig. 2/0, par- 
alleled that of the stomach in Gdfi 1 mutants (Fig. 2c). The 
defects in the development of these organs, however, were more 
complex, as many («/// " mutants had an annular pancreas, and 
all had severely malformed spleens. Mutation of Calf I also altered 
the relative positioning of the kidneys and adrenal glands, which 
are normally displaced caudally on the left side (F'ig. 2/). In 
Cn\(r / ' mice, the left kidney and adrenal were positioned either 
more cranially than the right kidney and adrenal (F'ig. 2eJ or at 
the same rostral-caudal level. Similarly, the nor- 
mal asymmetric arrangement of the liver was also 
disrupted in Gift"' mice. In wild-type mice, the 
liver consists of a large left lateral lobe, left and 
right medial lobes, and three smaller lobes on the 
right side. In Cuff I' f ' mice, the liver lobes appeared 
to be reversed with respect to the left -right axis or 
bilaterally symmetric, with two equally sized lat- 
eral lobes beneath a fused medial lobe. 

We also saw aberrant left-right patterning of the 
heart and lungs in homozygous mutants, but the 
nature of the defects in the thoracic organs 
appeared to be independent of whethcror not the 
abdominal organs exhibited shit* inversus. Wikl- 
tvpe mice have live lung lobes, a single large lobe 
on the left side and four smaller lobes on the right 
side (Fig. 2//). In contrast, CnljV' mice had eight 
lunu lobes that were symmetrically distributed 
with respect to the left-right axis (Fig. 2/). The 
duplication of the right-sided pattern, or right pul- 
nionarv isomerism, was observed in all homozy- 
gous mutants. The heart delects in Gdjl'*' mice 
were much more complex and variable. In wild- 
tvpe mice, the apex of the heart points towards the 
left side of the animal (Fig. 3J-|). In (.'*//'/ mice, 
Fig. 2 Analysis of s/rw detects in Gdfr 1 ' mice, a, Gd1l*'~ and Gdf)' 1 ' newborn mice with stomachs however, the position ol the apex was randomized 
(arrowheads) on the left and right sides, respectively. Ventral views of tissues from newborn ^jj mulanl hearts also showed abnor- 

Gdfl* [b.d.m and Grffl" (c.e.g,/) m.ce are shown be Reversal of the orientation of the ' ' vessels (Fig. 3,1-0. 

abdom.nal organs in Gdf)'" mice. Note also the streak-like apoearance of the spleen and the ' posiuomn r oi ^* . ^ 

abnormally shaped medial lobe of the liver d.e. Reversal of the direction of rotation of the colon 1 he pulmonary artery (blue) normal!) exits UK 
in Gdtl-'- mice. f,g. Reversal of the rostral-caudal arrangement of the kidneys in Gc/f? ; mice. j lc;jrt vcntr;i || v and to- the right of the aorta (vcl- 
h,i. Right pulmonary isomerism in GdtV mice. H. heart; U liver: St, stomach; Sp, spleen. AC. 0llU rasi, the pulmonarv arterv in (m//T A 

ascending colon; DC descending colon; RK. right kidney; LK, left kidney; OL, cranial lung lobe; ,ul / 1 ; . „ , ' , , ' 

ML medial lunq lobe- CaL, caudal lung lobe; AL, accessory lung lobe; LLu. left lung lobe. mice was positioned more dorsallv than UK aoi la, 
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Fig. 3 Heart defects in Gdfl^ mice, a-c, Dye injections of GoVT w ~ (a) and 
Gdfl^" (b,c) mice. Yellow dye was injected into the ventricle positioned on the 
left side, and blue dye was injected into the ventricle on the right side. Note 
that the relative dorsal/ventral and or left/right relationships between the posi- 
tions of the aorta and pulmonary artery are reversed in Gdf^ mice. Frontal 
sections of wild-type (d,e,f) and two Gdf1-*~ {g,h.i, mesocardia; ;,*,/. dextrocar- 
# dia) hearts are shown. For each, three sections progressing from the ventral to 

the dorsal side are shown. In wild-type heart, the pulmonary artery exits the 
heart more ventrally than does the aorta. In Gdfr'- mice, the aorta exits more 
ventrally. Ventricular septal defects (hXh arrowheads) and atrial septal defects 
(/, asterisk) were also seen in GdfT*~ mice. 



9 although the left- right relationship of these arteries was random- 

ized. In these mutants, the abnormal positioning of the aorta and 
pulmonary artery reflected a transposition of the great vessels. 
Histological examination of serial sections of five Gdf]' f ~ hearts 
revealed additional defects as welt, including atrial and ventricular 
septal defects, common atrioventricular canal and persistent left 
vena cava (Fig. 3g, and data not shown). 

• To examine the relationship of Gdfl with other genes impli- 
cated in left-right determination, we carried out whole-mount in 
situ hybridization on Gdfr 1 ' embryos with probes directed 
against Ebaf Leftb and nodal, encoding TGF-P family members, 
as well as Pitx2> encoding a transcription factor (Table 2). In 
wild-type embryos at the headfold stage {-4-6 somites), Ebaf is 

^ predominantly expressed on the left side of the presumptive floor 

• plate, and Leftb is mainly expressed in the left lateral plate meso- 
derm 4 (LPM; Fig. 4a). Using a probe that detects both Ebaf and 
Leftb transcripts 5 , we were unable to detect expression of these 
genes in most (6/7) headfold-stage Gdfr'- embryos examined 
(Fig. 46). Expression of nodal in headfold-stage wild-type 
embryos is normally seen in the node and left LPM (Fig. 4c; 

0 refs 6,7). Although the expression of nodal in the node remained 

unchanged, the expression of nodal in the LPM was absent in all 
mutant embryos examined (Fig. 4d). Pitx2> which is normally 
present in the left LPM of wild-type embryos 8,9 (Fig. 4e), was also 
downregulated in 8 of 1 1 Gdfr 1 - embryos (Fig. 4/). These results 
suggest that Gdfl is necessary for the induction or maintenance 
of the asymmetric expression of Ebaf Leftb, nodal and Pitx2 in 

• the early embryo. 




Our findings indicate that Gdfl is essential for proper establish- 
ment of the left-right axis in mice. Although a number of other 
secreted proteins, including other members of the TGF-P super- 
family, have been implicated as important regulators of left-right 
axis determination in vertebrates 10 , Gdf- 1 is unusual in that loss of 
Gdf-1 function leads to complete visceral situs inversus in a large 
percentage of mutant animals. In this regard, the Gdfl' 1 ' pheno- 
type more closely resembles that of mice carrying the Dnahcir 



Table 2 • Gene expression in Gdf1-*~ embryos 



Floor plate 



lateral plate mesoderm 



Gene 


Genotype 


Somites 


left 


right . bilateral 


absent 


left 


right 


bilateral 


absent 


EbaftLeftb 


+/+ 


0-4 


1 




3 








4 






4-6 


5 




1 


6 












6-8 






1 


1 










+/- 


0-4 


5 




4 








9 






4-6 


10 




1 


9 






2 






6-8 


2 




6 


8 










-4- 


0-4 






4 








4 






4-6 


1 




6 


1 






6 






fr-6 






6 


1 






5 








Node 








Lateral 


plate mesoderm 










normal 


absent 




left 


right 


bilateral 


absent 


nodal 


+/+ 


0-4 


6 












6 






4-6 


8 






8 












6-10 


3 


1 










4 




+/- 


0-4 


9 












9 






4-6 


12 






12 












6-10 


6 


2 




1 






7 






0-4 


6 












6 






4-6 


3 












3 






6-10 


7 


2 




1 






8 



Pitx2 



+/+ 
+/- 
-/- 



6-10 
6-10 
6-10 



left 
5 

23 
3 



Lateral plate mesoderm 

right bilateral absent 



Total 
4 
6 
1 
9 
11 
8 
4 
7 
6 

Total 
6 
8 
4 
9 
12 
8 
6 
3 
9 

Total 
5 

28 
11 
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allele 1 and that of humans with certain asplenia syndromes that 
are characterized by situs inversus 1 ** 14 . Gdfl is also unusual in that 
its expression pattern during development appears to be symmet- 
ric with respect to the left-right axis. Although we cannot rule out 
the possibility that there is some asymmetric expression of Gdfl 
that is either very transient or below the level of detection in our 
experiments, our data suggest that the mechanism by which Gdfl 
influences left-right asymmetry must involve other molecules that 
are asymmetrically expressed, such as those responsible for gener- 
ating biologically active Gdf- 1 protein or for transducing the Gdf- 1 
signal. Alternatively, Gdf-] protein may be synthesized in a sym- 
metric pattern, but become asymmetrically distributed by some 
other mechanism. In this regard, it has been hypothesized that a 
leftward flow of fluid generated by cilia present in the node may be 
responsible for the directional movement of a morphogen pro- 
duced by the node 1 " 1,16 . Given the intense expression otGdfl in the 
node and the finding that Gdfl acts upstream of Ebaf, Leftb, nodal 
and Phx2, Gdf- 1 may be a possible candidate for this morphogen. 
An elucidation of the mechanism of action of Gdf- 1 will require a 
careful examination of the distribution of the mature Gdf-1 pro- 
tein and the identification of molecules directly involved in Gdf-1 
signalling, including the Gdf- 1 receptor. 

Methods 

in situ hybridization and northcrn-blot analysis. We carried out hybridiza- 
tions using a probe corresponding to the entire Gdfl coding regiorr. We pre- 
pared the Ebaf Leftb ( rcf. 5) and nodal { ref. 17) probes as described. The Pitxl 
probe was provided by M. Blum and MR. Kuehn. Embryos were isolated 
from timed matings of CD-I mice. We carried out northern-blot analysis 
using poly(A)-selected RNA (2 ug) as described : . Whole-mount in situ 
hybridization analysis was carried out as described except that 20% heat- 
inactivated sheep serum was used for antibody blocking and incubation steps. 
Sections {10-12 um) of stained embryos were prepared using a cryostat. 
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Fig. 4 Asymmetric gene expression in GdfT'~ mice. Embryos in (a-oO are 
viewed from the anterior; (e) and (f) are seen from the ventral side, a. Nor- 
mal £baf"and Leftb expression in the left LPM and floor plate. The expres- 
sion of Ebaf and Leftb in the floor plate was verified by examining sections 
of these embryos, b, Absence of visible Ebaf and Leftb expression in Gdfl'*- 
embryos. The midline staining in (b) represents background hybridization 
that did not correspond to the floor plate based on an analysis of sections 
of these embryos, c, Normal expression of nodal in the left LPM (node 
staining is obscured by the LPM staining), d, Absence of nodal expression in 
the LPM of Gdfl''" embryos. Note the normal expression of nodal in the 
node, e, Normal expression of Pitx2 in the head mesenchyme and left LPM. 
f. Absence of Pitx2 expression in the LPM of Gdf1~ h embryos, whereas 
expression in the head mesenchyme remains normal. 



Construction and analysis of Gdfl-nu\\ mice. The structure of Gdfl was 
deduced from restriction mapping and partial sequencing of phage clones 
isolated from a mouse 129 Sv/I genomic library. Vectors for preparing the 
targeting construct were provided by P. Soriano and K, Thomas. RJ embry- 
onic stem cells {provided by A. Nagy, R. Nagy and W. Abramow-Newerly) 
were transfected with linearized targeting construct (50 Lig) and selected 
with gancyclovir (2 pM) and G418 (200 (ig/ml). Following elect roporat ion 
of the targeting construct into embryonic stem cells, we identified homolo- 
gous targeting by Southern-blot analysis in 4 of 90 clones resistant to both 
G418 and gancyclovir. Examination of the Gdfl -mutant phenotype was car- 
ried out using offspring on a C57I31/6/ 1 29S V/J hybrid background from a 
chimaera derived from blastocyst injection of one of these clones. Genomic 
Southern blots were carried out as described 2 ". We genotyped embryos by 
PCR using genomic DNA isolated from extra-embryonic membranes 21 . 
Primers for genotyping were as follows: Gdfl wild -type allele, 5-GTTGCG 
GCTGG AGGCTG AG AG-3' and 5'-CCCACTCGACCAACTTCTACC-3'; 
Gdfl targeted allele, 5 -CCACTGCAGCCTCTGGGCGC-.V and 5 -GCAA 
GACAATAGCAGGCATGCTGG-3*. 

For analysis of heart morphology, we performed latex dye injections as 
described". Casting dyes (Connecticut Valley Biological Supply) were 
injected into the ventricles of the heart using a pulled capillary glass pipette. 
For histological analysis of Gd/7-mutant hearts, we killed newborn mice and 
infused them with Bouins fixative through the trachea. The entire animal 
was then fixed by immersion in Bouins fixative for at least 24 h. Mouse chests 
were step-sectioned (5 LiM sections, 10 U.M between each section) from the 
exit of the aorta or pulmonary artery to their respective branch points dor- 
sally. For analysis, we stained sections with hacmatoxylin and eosin. 
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Haematopoietic development is regulated by nuclear protein 
complexes that coordinate lineage-specific patterns of gene 
expression. Targeted mutagenesis in embryonic stem cells and 
mice has revealed roles for the X-linked gene Gatal in erythro- 
cyte and megakaryocyte differentiation 1 "" 4 . GATA-1 is the 
founding member of a family of DNA-binding proteins that rec- 
ognize the motif WGATAR through a conserved multifunctional 
domain consisting of two C4-type zinc fingers 5-8 . Here we 
describe a family with X-linked dyserythropoietic anaemia and 
thrombocytopenia due to a substitution of methionine for 
valine at amino acid 205 of GATA-1. This highly conserved 
valine is necessary for interaction of the amino-terminai zinc 
finger of GATA-1 with its essential cofactor, FOG-1 (for friend of 
GATA-1; refs 9-12). We show that the V205M mutation abro- 
gates the interaction between Gata-1 and Fog-1, inhibiting the 
ability of Gata-1 to rescue erythroid differentiation in an ery- 
throid cell line deficient for Gata-1 (G1E). Our findings under- 
score the importance of FOG-1 :Gata-1 associations in both 
megakaryocyte and erythroid development, and suggest that 
other X-linked anaemias or thrombocytopenias may be caused 
by defects in GATAL 

A woman with miid chronic thrombocytopenia had two prey- 
nancies complicated by severe fetal anaemia requiring in utcro 
red blood cell transfusions. The offspring were male half-siblings 
who were anaemic and severely thrombocytopenic at birth and 
thereafter. Abnormalities were present in the erythrocyte and 
platelet lineages. Their peripheral blood (Fig. hi) showed a 
paucity of platelets, and erythrocytes were abnormal in size and 
shape (poikilocytosis and anisocytosis). The bone marrow was 
hypercellular and contained an abundance of large, multinucle- 
ated, erythroid precursors (dyserythropoiesis; Fig. Ic) and 
numerous small, dysplastic megakaryocytes (Fig. \h y d). Electron 
microscopy 13 also revealed dysplastic changes in megakaryocytes 
and platelets (Fig. 2). Both boys had cryptorchidism. There were 
three asymptomatic female siblings (Fig. 3o). 



Fig. 1 Peripheral blood and bone marrow abnormalities in patients 11-1 and II- 
2. a, Peripheral blood smear. Note the severe deficiency of platelets and het- 
erogeneity in red blood cell size (poikilocytosis) and shape (anisocytosis). An 
abnormal red blood cell with a bilobed nucleus is indicated (arrow). Original 
magnification *50. b, Bone marrow core biopsy. Megakaryocytes, distin- 
guished by their pale pink cytoplasm, are abundant and abnormally small. Rep- 
resentative megakaryocytes are indicated (arrows). Original magnification x10. 
c, Bone marrow aspirate showing a cluster of developing erythroid precursors. 
Dyserythropoiesis is illustrated by the large, multinuclear erythroblast (centre). 
Original magnification xlOO. d, Bone marrow core biopsy. Megakaryocytes (m) 
are dysplastic with small ecentric nuclei. Original magnification x50. 



The haematopoietic defects in combination with a pedigree 
structure that was consistent with an X-linked disorder suggested 
the possibility of GATA-1 deficiency 3,4,1 * 1 ' 15 . Therefore we 
analysed GATAl genomic DNA sequence from available family 
members at each of the five coding exons and approximately 800 
bp of the promoter region (Fig. 3<i). We identified a hemizygous 
G— »A transition at nt 613 in both affected boys (II- 1 and 11-2). 
This mutation is predicted to convert valine to methionine at 
amino acid 205, a highly conserved residue within the GATA-1 
protein. The boys inherited this mutation from their mother (I- 
2), who was heterozygous at nt 61 3. We did not detect the G61 3 A 
mutation in peripheral blood leukocyte DNA from 50 normal 
females (data not shown). 

The alteration of valine to methionine occurs in the N-termi- 
nal zinc finger, a region that is highly conserved between GATA- 
1 proteins of all species and in related proteins such as 
GATA-2-6 and the GATA-A (Pannier) protein of Drosophiln 
ntclnnognster (Fig. 3/>, and data not shown). In vitro studies have 
shown that the Gat a - 1 N -terminal zinc finger is essential for ery- 
throid maturation, in large part due to its interaction with the 
zinc-finger protein Fog-1 (rcf. 12). Valine 205 is one of several 
amino acids critical for direct association of Fog-1 with Gata-1 
(Fig. 3r; refs 1 1,12,16). FOG-1 contains nine zinc fingers of mul- 
tiple types, which presumably act as docking sites to link pro- 
moter-bound GATA-I to other nuclear factors. Such 
multi-protein assemblies are likely to exert complex overall 
effects on gene expression, as FOG-1 can either activate or 
repress the activity of GATA-1, depending on cellular and pro- 
moter contexts 9,17 . 
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RULE 132 DECLARATION 

I, Ted Ebendal, declare and state as follows: 

(1) I reside at B6rjegatan 45 B, S-752 29 Uppsala, 
Sweden. 

(2) I am a Professor and Chairman in the Department of 
Developmental Biology, Faculty of Medicine, Uppsala 
University since 1988. I hold a Ph.D. (Doctor of 
Philosophy) degree which was earned from Uppsala University, 
Sweden in 197 6. A copy of my curriculum vitae is attached. 

(3) I am an author of over 100 peer-reviewed 
publications in the field of neuronal growth factors and 
neurotrophic factors. 

(4) Recombinant human GDF-1 (rhGDF-1) was provided by 
Michael Jarpe of Cambridge NeuroScience for use in the 
assays reported herein. 
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(5) On information and belief, rhGDF-1 was produced as 
follows. The cDNA of human GDF-1 (amino acid residues 255 
to 373) was cloned into pRSET (Invitrogen) . The construct 
was designed to produce a fusion protein which adds 34 amino 
acid residues to the N-terminus of rhDGF-1 including six 
histidine residues. There is an enterokinase cleavage site 
between the N-terminal extension and the rhGDF-1 sequence to 
facilitate removal of the tag. However, this extension was 
not removed for the assays reported herein. 

(6) On information and belief, the above-described 
expression construct was inserted into the E. coli cell line 
BL21 (DE3)pLysS to induce rhGDF-1 expression. Expression was 
induced by the addition of IPTG and was allowed to proceed 
for 4 hours. rhGDF-1 was produced in inclusion bodies. 

(7) On information and belief, the inclusion ^bodies 
containing rhGDF-1 were solubilized and folded in 6 M 
guanidine and 100 mM dithiothreitol . Reducing agent and 
denaturing agent was removed by reverse phase HPLC . The 
protein was dried down in a Speed Vac and resuspended in 8 M 
urea at 5 mg/ml protein concentration. The protein solution 
was then diluted 1/100 to a final concentration of 50 jig/ml 
in refolding buffer of 10 mM reduced glutathione, 1 mM 
oxidized glutathione, and 50 mM Tris buffer (pH 9.0). The 
rhGDF-1 protein was allowed to refold for 20 hours at 25°C. 
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(8) On information and belief, a sample of the 
refolded jpiGDF-1 protein was then analyzed by reducing and 
non-reducing SDS-PAGE. The gel was stained with Coomassie 
and the proportion of dimer was determined by densitometry. 
The rhGDF-1 dimer was found to be approximately 20% of total 
protein. The rhGDF-1 preparation was stored at -80°C. 

(9) The following assays were performed under my 
direction and the results were analyzed by me. 

(10) The sample was assayed in a fibre outgrowth assay 
using sympathetic ganglia from embryonic day 9 chicken 
embryo explanted into a collagen gel. See Ebendal et al., 
Journal of Neuroscience Research, vol. 40, pp. 276-284 for a 
description of the use of explanted ganglia in collagen 
gels. Neurotrophin-3 (NT-3) only weakly stimulates 
sympathetic fibre outgrowth in this assay (see panel d of 
Fig. 4 in Ernfors et al., Proceedings of the National 
Academy of Science, U.S.A., vol. 87, pp. 5454-5458). 
Members of the TGF-beta superfamily of proteins potentiate 
the effects of NT-3 in this assay. 

(11) The sample of GDF-1 was diluted. 100-fold and then 
further diluted in culture medium with 1% fetal calf serum- 
as a carrier. GDF-1 was assayed on sympathetic ganglia at a 
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concentration of 2.5 to 250 ng/ml. The ganglia were 
) examined after two days of incubation using darkfield 

microscopy. No fibre outgrowth was evoked by GDF-1 at any 
of these concentrations. 

(12) Therefore, the potentiating effect of GDF-1 on 
neurotrophin activity could be assessed by comparing fibre 
outgrowth induced by NT-3 in the presence or the absence of 
GDF-1. Any increased fibre outgrowth caused by the 
combination of NT-3 and GDF-1 would be due to potentiation, 
instead of the effects of GDF-1 alone. 

(13) The potentiating effect of GDF-1 in the 
sympathetic fibre outgrowth assay (Ernfors et al., id.) was 

) determined with human NT-3 (Austral Biologicals) at a 

concentration of 2 ng/ml and GDF-1 at concentrations between 
0 to 250 ng/ml. Fibre outgrowth density was scored in a 
blinded fashion by two independent observers with culture 
dishes arranged in random order. Scores were recorded on a 
scale from 0 (no fibres) to 5 (very high density of fibres 
forming a circular halo around the explanted nervous 
tissue). The assay was repeated three times. The results 
below represent the mean of the scores given for each 
culture by each observer. 



-4- 



LEE - Appln. No. 08/966,223 





^ji^-c j. t-uiic-^ii u r a u i on 


Mean Score 


Medium Only 


u ny / mi 


0 . 0 


NT-J alone 


0 ng/ml 


1.7 


GDF-1 alone 


250 ng/ml 


0.0 


NT-3 + GDF-1 


250 ng/ml 


3.1 


NT-3 + GDF-1 


50 ng/ml 


2.3 


NT-3 + GDF-1 


5 ng/ml 


1.8 



(14) The combination of GDF-1 at 250 ng/ml with NT-3 
shows a significant potentiation effect in comparison to the 
response obtained with NT-3 alone (statistically significant 
difference at P < 0.001 using Mann-Whitney U test). There 
is also a clear trend of potentiation of NT-3 by GDF-1 at 50 
ng/ml, although this difference is not statistically 
significant in the present format of the assay. 

(15) The specific activity of GDF-1 in the assay shows 

-3» 

a reasonable dose-response relationship between 50 to 250 
ng/ml . 

(16) In view of the above results, I conclude that GDF- 
1 has biological activity on neurons similar to members of 
the TGF-beta superfamily of proteins. 

(17) I declare further that all statements made herein 
of my own knowledge are true and that all statements made on 
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information and belief are believed true; and further that 
these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code and that such willful false 
statements may jeopardize the validity of the application or 
any patent issuing thereon. 



Ted Ebendal ^7 



April °i 1W 

' Date / 



.) 
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Glial Cell Line-Derived Neurotrophic Factor 
Stimulates Fiber Formation and Survival in 
Cultured Neurons From Peripheral 
Autonomic Ganglia 
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Human recombinant glial cell line-derived neuro- 
trophic factor (GDNF) was tested for its ability to 
stimulate fiber formation and neuron survival in 
primary cultures of peripheral ganglia dissected 
from the chicken embryo. GDNF, first characterized 
by its actions on central nervous system (CNS) 
neurons, had a marked stimulatory effect on fiber 
outgrowth in sympathetic and ciliary ganglia. 
Weaker responses were evoked in sensory spinal and 
\ nodose ganglia and in the ganglion of Remak. In 
■ addition, survival of neurons from the sympathetic 
and ciliary ganglia was stimulated by GDNF at 50 
ng/ml. The effects were not mimicked by the distant 
but related protein transforming growth factor beta 
1 (TGFpl). The profile of neurons stimulated by 
GDNF is also distinct from the patterns of stimula- 
tion shown by nerve growth factor (NGF), stimulat- 
ing strongly sympathetic but not ciliary ganglia, and 
ciliary neurotrophic factor (CNTF), stimulating 
mainly the ciliary ganglion. Moreover, using in situ 
hybridization histochemistry, GDNF was demon- 
strated to be present in the pineal gland in the new- 
born rat, a target organ for sympathetic innervation. 
The present results suggest that GDNF is likely to act 
upon receptors present in several autonomic and 
sensory neuronal populations. GDNF may serve to 
support fiber outgrowth and cell survival in periph- 
eral ganglia, adding yet one more trophic factor to 
the list of specific proteins controlling development 
and maintenance of the peripheral nervous system. 
<D 1995 Wiley-Liss, Inc. 

Key words: trophic factor, TGFp, chicken embryo, 
tissue culture, bioassay 



INTRODUCTION 

Development, selective survival, and function of 
neurons are regulated by cellular interactions mediated 
by a host of neurotrophic molecules. Thus, proteins with 
a well-characterized ability to support neurons include 
the family of neurotrophins [nerve growth factor (NGF), 
brain-derived neurotrophic factor (BDNF), and neurotro- 
phins-3 and -4 (NT-3 and NT-4)], ciliary neurotrophic 
factor (CNTF), acidic and basic fibroblast growth factors 
(aFGF and bFGF, respectively), and insulin-like growth 
factors (IGF-1 andIGF-2). 

A recent addition to the list of proteins with trophic 
effects on neurons is glial cell line-derived neurotrophic 
factor (GDNF) (Lin et aL, 1993). GDNF was initially 
documented to support survival, "SiFferentiation, and 
high-affinity dopamine uptake in fetal dopamine neurons 
from the ventral mesencephalon in vitro. The active mol- 
ecule was purified and partially sequenced and subse- 
quently DNA clones encoding the novel neurotrophic 
factor were isolated from rat cDNA and human genomic 
DNA (Lin et aL, 1993). Analysis of the sequences ob- 
tained showed that GDNF, a 134-amino-acid protein in 
its mature form, is a member of the transforming growth 
factor beta (TGFP) superfamily of growth and transform- 
ing factors (see review by MassaguS, 1990) but is not 
closely related to any of the many previously known 
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members of this family (Burt, 1992; Lin et al., 1993* 
Burt and Law, 1994). When expressed as a recombinant 
protein produced in bacteria, the GDNF, after proper 
^folding (Lin et al., 1993) had the expected dopami- 
lotrophic activity originally described in the glial cell 
line from which it was derived (Schubert et al., 1974). 
The TGF0 proteins, the neurotrophins, and the platelet- 
derived growth factors A and B (PDGFs) all share some 
protomeric structural motifs rendering them members of 
the cystine-knot superfamily of growth factors (McDon- 
ald and Hendrickson, 1993). GDNF, like the other cys- 
tine-knot proteins, form homo- or heterodimers that are 
the biologically active entities. It is thus interesting that 
neurotrophic activities have been ascribed not only to 
NGF and the other neurotrophins, but also to PDGF and 
to TGFps. Very recently, the structural characterization 
of human chorionic gonadotropin (hCG) has shown that 
it is also a member of the cysteine-knot family of proteins 
(Lapthorn et al., 1994) but the neurotrophic activity of 
hCG has not yet been reported. 

So far, studies of the effects of GDNF have in- 
volved neurons of the central nervous system (CNS) such 
as the mesencephalic dopamine neurons and a-motoneu- 
rons (Lin et al., 1993). In addition, GDNF is expressed 
in the rat striatum and in other areas of the brain during 
development (Schaar et al., 1993; Strdmberg et al., 
1993). Moreover, in the adult rat brain, kainate-induced 
epileptic seizures induce GDNF expression in the gran- 
ule cells of the adult dentate gyrus (Humpel et al. , 1994), 
.and pilocarpine-induced seizures lead to upregulation of 
pDNF in the striatum (Schmidt-Kastner et al., 1994). ■ 
In the present report we demonstrate that GDNF 
also has the ability to stimulate peripheral neurons. We 
document neurotrophic effects of GDNF in a series of 
sympathetic and parasympathetic autonomic as well as 
some sensory peripheral neurons in culture. It is shown 
that GDNF has substantial trophic effects, particularly on 
some autonomic neuron populations, and that these pat- 
terns of stimulation are distinct from those evoked by the 
neurotrophins (NGF, BDNF, NT-3, and NT-4) as well as 
CNTF and TGFpl. 

MATERIALS AND METHODS 

Ganglia from chicken embryos at day 9 of incuba- 
tion were explanted as intact ganglia for a fiber-out- 
growth assay (Ebendal et al., 1978; Hedlund and Eben- 
dal, 1978; Ebendal et al., 1980, 1984; Ebendal, 1989) 
or, in the case of the sympathetic paravertebral trunk 
ganglia and the ciliary ganglion, dissociated for a neu- 
ron-survival assay (Ebendal et al., 1985; Kullander and 
Ebendal, 1994). Sympathetic paravertebral ganglia and 
sensory spinal ganglia (dorsal root ganglia) were dis- 
sected from the lumbosacral region of the embryo. The 
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ciliary ganglion was taken from the orbit, the nodose 
ganglion from the vagus nerve rostral to the heart. Fi- 
nally, the ganglion of Remak was isolated from the me- 
sorectum of the embryo (Hedlund and Ebendal, 1978) 
The effects of GDNF in cultures of the sensory trigem- 
inal and spinal (dorsal root) ganglia were also tested. 
Ganglia or dissociated neurons were placed in collagen 
gels for culture as detailed by Ebendal (1989). All find- 
ings were repeated at least twice in independent experi- 
ments yielding the same results. The basic finding of a 
strong GDNF stimulation of the sympathetic ganlion has 
been repeated in more than 25 cultures established over 
a period of more than 6 months in our laboratory. Like- 
wise, the survival data are based on counting of several 
hundred neurons on several occasions. 

Recombinant human GDNF was obtained from 
Synergen, Inc. (Boulder, CO). The protein was pro- 
duced in bacteria, refolded to yield an active molecule, 
and purified as a non-glycosylated disulfide-bonded ho- 
modimer as described (Lin et al., 1993). Human recom- 
binant TGFpl was obtained from Boehringer Mannheim 
(Darmstadt, Germany). Both proteins were aliquoted to 
avoid repeated freeze-thawing cycles and added to the 
culture medium at the final concentrations indicated for 
each experiment. For positive effect on neuron survival, 
purified mouse (BNGF (Ebendal et al., 1984) was added 
to sympathetic neurons at 5 ng/ml. To support ciliary 
neuron survival, an extract of the choroid coat including 
the pigment epithelium from the 18-day-old chicken em- 
bryo was added at a final concentration of 200 (xg of total 
protein/ml of medium (Ebendal, 1987). 

Ganglia and dissociated neurons were observed un- 
der darkfield or phase contrast optics, fiber outgrowths 
observed, neurons counted, and microphotographs taken 
after 2 days in culture. ^ 

For in situ hybridization, El 7 rat fetuses were 
taken from pregnant Sprague-Dawley rats that had been 
killed by neck dislocation under deep ether anesthesia. 
The heads of the fetuses were rapidely frozen on dry ice. 
Newborn rats were killed by decapitation and the heads 
frozen on blocks of dry ice. Cryostat sections (14 fxm 
thick) of the fetal and neonatal brains were cut and 
placed on coated slides (ProbeOn, Fisher Biotech, Or- 
angeburg, NY). To perform in situ hybridization (Dager- 
lind et al., 1992), sections were thawed and hybridized 
with two antisense oligonucleotide probes (both 50- 
meres, positions corresponding to nucleotides 456-505 
and 540-589, respectively, in the sequence deposited 
under GenBank accession number LI 5305; see Lin et 
al., 1993). These two oligonucleotide probes had no sim- 
ilarities to sequences deposited in GenBank and gener- 
ated identical in situ hybridization patterns in tissue. As 
a negative control, a random probe of the same length 
and GC content was applied to adjacent sections. This 
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Fig. 1. The response to GDNF in explanted sympathetic and 
ciliary ganglia. A: A sympathetic ganglion cultured for 2 days 
in the presence of GDNF at 100 ng/ml. A dense, short fiber 
\outgrowth is evident around the ganglion. B: The same con- 
ditions as in A but with a ciliary ganglion. The formation of 

random probe did not give rise to any signals above 
background in examined tissues. The oligoprobes were 
end labeled with 35 S-dATP using terminal deoxyribonu- 
cleotidyl transferase. The probes were then purified 
(Nensorb columns) and applied to the tissue sections at 
42°C overnight in a hybridization solution. Following 
this, the slides were rinsed in 1 x SSC at 54°C, dehy- 
drated in a series of ethanols, and air-dried. The slides 
were dipped in Kodak NTB-2 film emulsion and exposed 
for 6-8 weeks at -20°C, developed in a photographic 
developer, fixed, lighdy stained with cresyl violet, and 
mounted. The sections were observed and photographed 
with dark- and brightfield illumination (Nikon Microphot 
FX microscope). 



RESULTS 

GDNF, present at a concentration of 50-100 ng/ 
ml, was consistently found to evoke marked fiber out- 
growth in the explanted sympathetic and ciliary ganglia 
cultured.for 2 days (Fig. 1 A,B). The outgrowth consisted 



fiber fascicles is evident. C: A negative control with a sym- 
pathetic ganglion cultured for 2 days without the support of 
GDNF. D: A ciliary ganglion in control medium. Darkfield 
micrographs of living cultures. 



of dense, short fibers around the sympathetic ganglia. 
From the ciliary ganglion, GDNFjevoked the formation 
of fairly thick fiber fascicles. The concentrations tested 
were 0.5, 5, 50, 100, 200, 400, and 1,000 ng/ml of 
GDNF in the medium and optimum fiber responses were 
obtained in the sympathetic ganglia with 50 and 100 
ng/ml. The resulting outgrowth in the sympathetic gan- 
glion was less prominent than that evoked by NGF at 
3-5 ng/ml (Ebendal, 1989), but the fibers were dense 
and markedly tufted. For comparison, representative 
NGF-induced outgrowth responses in sympathetic gan- 
glia in this assay can be found in a recent report by 
Kullander and Ebendal (1994). 

The ciliary ganglion responded by fiber outgrowth 
to GDNF in the range of 5-1,000 ng/ml, thus at a wider 
range of concentrations than found effective to evoke 
fiber outgrowth in the sympathetic ganglion. Control cul- 
tures of sympathetic and ciliary ganglia without added 
GDNF were totally devoid of fiber outgrowth (Fig. 
1C,D). 

Some effects of GDNF on fiber outgrowth were 




Fig. 2, Effects of GDNF on fiber outgrowth in the nodose 
ganglion. Some thick fiber fascicles have formed from this 
sensory ganglion cultured for 2 days with 100 ng/ml of GDNF. 
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A: Darkfield overview of the ganglionic explant. B: Phase 
contrast close-up showing the heavily fasciculated fibers in- 
duced by GDNF. 



also observed in the nodose ganglion (Fig. 2A). A few 
thick fiber fascicles (Fig. 2B) were formed from this 
sensory ganglion in response to 100 ng/ml of GDNF over 
the 2 day culture period. It should be stressed that the 
outgrowth response was markedly weaker than that 
evoked by NT-3 at 5-10 ng/ml (for a comparison, see 
the results obtained in this assay presented by Ernfors et 
al., 1990) in this epidermal placode-derived ganglion. 
GDNF also weakly stimulated some fiber outgrowth in 
the spinal dorsal root ganglia (not shown) and in the 
trigeminal ganglion (data not shown). The effect of 
)GDNF on fiber outgrowth from Remak's ganglion (data 
not shown) was only marginal at 50 ng/ml, in contrast to 
the very strong fiber outgrowth evoked in this ganglion 
by NT-3 at concentrations of 3-5 ng/ml (Ernfors et al., 
1990; Kullander and Ebendal, 1994). 

The specificity of the GDNF stimulation in the gan- 
glia was tested by comparisons of neurotrophic responses 
evoked by TGFpi. Sympathetic ganglia cultured for 2 
days withTGFpi at 10 and 100 ng/ml were found to lack 
fiber outgrowth and thus resemble the control explants in 
ordinary culture medium (Fig. 3A,B), in contrast to the 
dense fiber outgrowth formed in response to GDNF at 
100 ng/ml (Fig. 3C,D). The specificity of the GDNF 
stimulation was tested also in the ciliary ganglion. In 
control medium no formation of fibers occurred (Fig. 
4A). The ciliary ganglion likewise showed no response 
to TGFpi at 10 or 100 ng/ml (Fig. 4B) present for 2 days 
in the culture. In contrast, GDNF present at 100 ng/ml 
resulted in the formation of dense fiber fascicles (Fig. 
4C). 

In addition to selective stimulation of fiber out- 
growth in some peripheral ganglia, GDNF has survival 
effects on dissociated ganglionic neurons in culture. A 
dose-response relationship between survival of sympa- 
thetic neurons and the presence of GDNF in the concen- 



tration range 1-100 ng/ml is shown in Figure 5A. Half- 
maximum survival effect was seen at about 50 ng/ml 
GDNF and represents rescue of nearly half of the seeded 
neurons. Increasing the dose of GDNF above 100 ng/ml 
did not further enhance survival rate (data not shown). A 
similar response was found in the dissociated ciliary neu- 
rons stimulated by GDNF (Fig. 5B). For sympathetic 
neurons, NGF at 5 ng/ml will rescue close to 100% of the 
neurons. The same is true for ciliary neurons when 
grown with a choroid extract from the eye of the embry- 
onic day 18 chicken (Ebendal, 1987). 

In order to examine the presence of GDNF mRNA 
in target tissue for peripheral autonomic innervation, we 
used the rat since the chicken GDNF sequence is not yet 
known. In situ hybridization using two non-overlapping 
GDNF specific oligonucleotide probes revealed a strong 
signal in the pineal gland of the newborn rat (Fig. 6A). 
The signal appeared to be present over most but not all 
pinealocytes (Fig. 6B). A similar signal was seen also in 
the pineal gland of the fetal rat at embryonic day 17 (not 
shown). 

DISCUSSION 

In the present report we show that GDNF has a 
pattern of stimulating ganglionic neuron populations dis- 
tinct from those described earlier for the neurotrophins 
NGF, BDNF, NT-3, and NT-4, as well as from that of 
the ciliary neurotrophic factor CNTF. Thus, the Remak 
ganglion is strongly stimulated by NT-3 (Ernfors et al., 
1990; Kullander and Ebendal, 1994) due to its abundant 
expression of the tyrosine kinase receptor TrkC 
(Williams et al. , 1993), whereas GDNF had very limited 
stimulatory action on this ganglion. The sympathetic 
ganglion was markedly stimulated by GDNF but not to 
the extent of that seen with NGF. The response involved 
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Fig. 3 . Specificity of the GDNF stimulation in the sympathetic 
ganglion. A: Sympathetic ganglion in control medium after 2 
days of culture. B: A sympathetic ganglion cultured for 2 days 
with TGFpl at 100 ng/ml. C: Sympathetic ganglion with 
GDNF at 100 ng/ml present in the medium for the culture 
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both a survival and a fiber outgrowth response. On the 
other hand, GDNF also stimulated the ciliary ganglion 
which NGF does not. It remains to be examined whether 
there are time- dependent switches in the responsiveness 
to GDNF in the autonomic and sensory neurons exam- 
ined here in analogy to changing dependency for differ- 
ent neurotrophins found earlier in sensory neurons 
(Buchmann and Davies, 1993). This could provide in- 
sight into potential temporal windows during develop- 
ment when these peripheral neurons depend on GDNF. 
In situ hybridization has been utilized to study GDNF 
expression and its relationship to innervation. It has been 
shown that there is an early expression of GDNF in the 
brain which is later downregulated (Schaar et al., 1993; 
Stromberg et al., 1993), and such an expression pattern 
may argue for developmental regulation of GDNF to 
serve neuro supportive functions during restricted periods 
of neurodevelopment. 

Embryonic tissue extracts and explants have, in a 
number of cases, been shown to stimulate ganglionic 
neurons in culture (Ebendal et al., 1980, 1984, 1985; 
Ebendal, 1987). Many of these effects have been as- 




period of 2 days. Only with GDNF present are fibers formed. 
Darkfield microscopy. D: Phase contrast detail of fiber out- 
growth from a sympathetic ganglion grown for 2 days with 
GDNF at 100 ng/ml. 



cribed to the presence of CNTF, but also to aFGF and 
bFGF. GDNF is one more factor which may have con- 
tributed to these observed stimulatory-affects. 

In order to examine if GDNF mRNA is present in 
any target areas for peripheral innervation we used the 
perinatal rat, since the GDNF gene has not yet been 
sequenced from the chicken. In view of the marked ef- 
fects of GDNF on the chicken sympathetic ganglia, we 
chose to study one target organ for the sympathetic su- 
perior cervical ganglion, i.e., the pineal gland. Consis- 
tent with the in vitro data, the pineal gland was found to 
express relatively high levels of GDNF mRNA during 
late prenatal and early postnatal stages of development 
(Fig. 6). Thus, GDNF may be one of the target-derived 
trophic factors stimulating the sympathetic nerves that 
innervate targets such as the pineal gland. 

In the present study, specific activities of GDNF on 
the responsive peripheral neurons were found in the 
range of 50-100 ng/ml of the factor. This contrasts with 
the lower concentrations found to evoke tyrosine hydrox- 
ylase (TH) induction in cultured ventral mesencephalic 
neurons. Thus, Lin et al. (1993) found GDNF to be 
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Fig. 4. Specificity of the GDNF stimulation in the ciliary gan- 
glion. A: Ganglion grown in control medium for 2 days. No 
formation of fibers occurs. B: A ciliary ganglion showing no 
response to TGFpl at 100 ng/ml. C: A ciliary ganglion cul- 



tured for 2 days with GDNF present at 100 ng/ml. GDNF, but 
not TGFpi, elicited dense Tiber fascicles. Darkfield micros- 
copy. 
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Fig. 5. Survival effect of GDNF on dissociated ganglionic 
neurons in culture. A: Dose-response curve for survival of 
sympathetic neurons in response to GDNF. B: The same ex- 
periment shown for ciliary ganglionic neurons. Each graph is 

effective at a concentration of 0.04-1 ng/ml, which is in 
line with what is generally expected for a high-affinity 
interaction between a growth factor and its specific re- 
ceptor. It is therefore possible that the present effects are 

) 



based on two independent experiments, with each value based 
on observations of the survival in several hundred neurons. 
Mean value and range are shown. Survival is shown relative to 
the number of initially seeded neurons. 

the result of GDNF mimicking a related endogenous 
growth factor that might act on the peripheral neurons at 
higher efficiency. 

The present experiments showed that GDNF stim- 




Fig. 6. In situ hybridization with an oligonucleotide probe complementary to rat GDNF 
mRNA, A: Darkfield overview of the pineal gland (Pi) of the newborn rat. B: Brightfield 
micrograph showing hybridization signal over many but not all pinealocytes. 



ulated the ciliary ganglion to form nerve fibers in a con- 
centration range of 5-1,000 ng/ml, thus at a wider range 
of concentrations than was effective for the sympathetic 
ganglion. This may reflect differences in the growth 
properties of the ganglia when taken to culture and not 
necessarily point to different receptor mechanisms. We 
have earlier found that NT-3 marginally stimulates fiber 
formation in the ciliary ganglion (Ernfors et al., 1990). 
The response to GDNF is stronger than that elicited by 
NT-3 and also appears stronger than the fiber outgrowth 
response evoked by recombinant CNTF in explanted cil- 
iary ganglia (see Carri et al., 1994). 

Before the cloning of GDNF, members of the 
TGF3 superfamily of growth factors have been consid- 
ered to possess various neurotrophic and neuron differ- 
entiating properties. Thus TGF(31 promotes the survival 
of motoneurons in culture, but fails to support the sur- 
vival of dissociated sympathetic neurons (Martinou et 
al., 1990), in contrast to the action of GDNF shown 
here. Activin has been found to stimulate survival in 
some populations of neurons including the chicken em- 
bryo retina (Schubert et al., 1990), but has failed to 
support the survival of dissociated ciliary ganglionic neu- 
rons in an assay similar to the one used here. Again, this 



contrasts with the supportive effect of GDNF on disso- 
ciated ciliary ganglion neurons in the present report. 

TGFpi, -2, and -3 have all been localized in the 
nervous system using specific peptide antibodies 
(Flanders et al., 1991). TGFfil was-mainly found in the 
meninges, whereas TGFp2 and TGFp3 were found in 
neurons and radial glia. It was also found that TGF(32 
and -3 inhibited the survival of ciliary ganglion neurons 
in the presence of an eye extract normally supporting 
these neurons in dissociated cultures (Flanders et al., 

1991) . This could again indicate the presence of recep- 
tors for TGFPs being present on these primary neurons. 
Supportive of this, TGF{31 and -2 were found to enhance 
sensory dorsal root ganglion neuron survival and result in 
increased levels of substance P (Chalazonitis et al., 

1992) , actions suggested to be exerted synergisticaily 
with NGF. Other additive or synergistic effects of GDNF 
with the neurotrophins are thus possible, but have yet to 
be studied. 

The present data suggest that a receptor mechanism 
for GDNF or a related trophic factor is present in devel- 
oping sympathetic and ciliary neurons and that the re- 
ceptor specificity is such that GDNF is an agonist ligand 
whereas TGFfJ 1 fails to elicit the signaling events lead- 



ing to fiber outgrowth or neuron survival in these neu- 
rons. Several receptors for the members of the TGF0 
family have been identified (see reviews by Massagu6, 
J t 992; Lin and Lodish, 1993), but the GDNF receptor, or 
jceptors, remains uncharacterized-. It seems likely that 
trie receptor molecules for GDNF are related to the other 
signaling receptors mediating the actions of the members 
of the TGFp superfamily. Activin receptors (Matthews 
and Vale, 1991; Attisano et aL, 1992) and a TGFp re- 
ceptor serine/threonine kinase receptor have been cloned 
(Lin et al. , 1992) and classified as type II transmembrane 
receptors of approximately 75 kDa. Also several type I 
receptors have been cloned (ten Dijke et al., 1994). It is 
considered that TGFp actions are mediated via signal 
transduction involving the heterodimerizatioh of recep- 
tors of the two types and that type II receptors exhibit a 
higher degree of specificity for their cognate ligands than 
the type I receptors (ten Dijke et al., 1994). It has re- 
cently been shown that the receptors of class II bind the 
TGFp and as a second step recruit receptors of type I, 
which as a result is phosphorylated on serines and thre- 
onines as an initial step in a cascade of signaling phos- 
phorylation of downstream proteins (Wrana et al., 1994). 
Recently, a chicken type II TGFp receptor has been 
cloned (Barnett et aL, 1994) and has considerable se- 
quence similarity to the mammalian TGFp receptor H in 
the kinase domain but is highly divergent in the N-ter- 
minal ligand binding part of the receptor. Whether this 
receptor is mediating the GDNF effects seen presently in 
peripheral chicken neurons remains to be studied. 
\ Since TGFp induces the formation of extracellular 
matrices (Massague, 1990; Lin and Lodish, 1993) simi- 
lar effects may be evoked by GDNF. Such a mechanism 
might be particularly important in the development of the 
peripheral nervous system where growing axons come 
into contact with a rich extracellular matrix. It has also 
been shown that various molecular components of such 
matrices enhance the formation of fiber outgrowth from 
the ganglia studied here (Carri et al., 1988). A further 
possible mechanistic link between GDNF and the extra- 
cellular matrix involves the possibility that such matrices 
bind locally secreted GDNF to enhance nerve growth and 
neuron differentiation, as has been shown for other mem- 
bers of the TGFP superfamily (Massague, 1990; Lin and 
Lodish, 1993). 

The importance of GDNF for sympathetic ganglion 
development in vivo remains unclear. Null mutations of 
members of the neurotrophin family in mice suggest that 
GDNF does not have a function that is redundant to that 
of the neurotrophic. Thus the superior cervical ganglion 
will lose neurons in the mice homozygous for the null 
mutation. However, the.temporal relationships have not 
been defined so the contribution of GDNF to survival of 
peripheral neurons cannot yet be established. Homozy- 
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gous NGF null mutant mice (Crowley et al., 1994) show 
marked reductions in the sympathetic superior cervical 
ganglion, with up to 80% reduction of the ganglionic 
volume, losses of neurons, and the presence of abundant 
pycnotic nuclei 3 days after birth. Moreover, inactivatiqn 
of the NT-3 gene in mice (Ernfors et al. , 1994; Farinas 
et al., 1994) leads to a 50% loss in neurons in the supe- 
rior cervical ganglion. Thus, the normal expression of 
GDNF is not sufficient to maintain the sympathetic neu- 
rons in animals lacking NGF or NT-3 during develop- 
ment. It is possible that the small remaining population 
of neurons may represent GDNF-dependent cells or that 
GDNF affects a wider population of NGF- and NT-3- 
dependent neurons during other time windows of devel- 
opment (cf. Buchmann and Davies, 1993). 

These complexities notwithstanding, we have dem- 
onstrated that GDNF has a stimulatory effect on sympa- 
thetic and ciliary ganglionic neurons. The data suggest 
the possibility that GDNF, or an endogenous ligand sim- 
ilar to GDNF, has potent neurotrophic functions support- 
ing cell survival and neurite promotion in these neurons 
during stages of their development, with a spectrum of 
responsive neurons not shared by other known trophic 
factors. The present report also shows that sympathetic 
ganglion explants offer a robust and simple way to assay 
for the activity of GDNF, and possibly also for related 
molecules. 
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ABSTRACT We have used a pool of degenerate oligonu- 
cleotides representing all possible codons in regions of homol- 
ogy between brain-derived neurotrophic factor (BDNF) and 
nerve growth factor (NGF) to prime rat hippocampal cDNAs in 
the polymerase chain reaction. The amplified DNA included a 
product with significant similarity to NGF and BDNF, which 
was used to isolate a 1020-nucIeotide-long cDNA from a rat 
hippocampal library. From the nucleotide sequence, a 282- 
amino-acid-Iong protein with «45% amino acid similarity to 
both pig BDNF and rat NGF was deduced. In the adult brain, 
the mRNA for this protein was predominantly expressed in 
hippocampus, where it was confined to a subset of pyramidal 
and granular neurons. The developmental expression in brain 
showed a clear peak shortly after birth, 1 and 2 weeks earlier 
than maximal expression of BDNF and NGF, respectively. It 
was also expressed in several peripheral tissues with the highest 
level in kidney. The protein, transiently expressed in COS cells, 
was tested on chicken embryonic neurons and readily stimu- 
lated fiber outgrowth from explanted Remak's ganglion and, to 
a lesser extent, the nodose ganglion. A weak, but consistent, 
Gber outgrowth response was also seen in the ciliary ganglion 
and in paravertebral sympathetic ganglia. Moreover, the pro- 
tein displaced binding of NGF to its receptor, suggesting that 
it can interact with the NGF receptor. Thus, this factor, 
although structurally and functionally related to NGF and 
BDNF, has unique biological activities and represents a mem- 
ber of a family of neurotrophic factors that may cooperate to 
support the development and maintenance of the vertebrate 
nervous system. 



During development of the vertebrate nervous system, a vast 
overproduction of neurons is compensated for by naturally 
occurring neuronal death, which is regulated by their targets 
(1). Within the targets, specific proteins, referred to as 
neurotrophic factors, are produced in limiting amounts and 
the release of these proteins is believed to regulate both the 
timing and the extent of innervation (2). 

In the peripheral nervous system, the most well-charac- 
terized neurotrophic factor, nerve growth factor (NGF), 
supports the development of sympathetic and neural crest- 
derived sensory neurons, and in the adult the maintenance of 
the sympathetic nervous system is critically dependent on 
NGF (3, 4). In agreement with a trophic role of NGF for adult 
sympathetic neurons, the levels of both NGF mRNA and 
protein correlate with the density of sympathetic innervation 
(5, 6). NGF mRNA and protein have also been found in the 
brain, with the highest levels in hippocampus and cerebral 
cortex, to which the major cholinergic pathways in the brain 
project (7-10). Basal forebrain cholinergic neurons can be 
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prevented from dying after axonal transection by addition of 
NGF (11-15) and they respond to NGF in vivo by a marked 
increase in fiber outgrowth (16). 

In addition to NGF, one other protein, termed brain- 
derived neurotrophic factor (BDNF), has been shown to be 
present in low amounts (17), secreted from cells (18), and to 
support survival of embryonic sensory neurons in vivo (19), 
In common with NGF, BDNF supports the survival of neural 
crest-derived embryonic sensory neurons in vitro, but 
nonoyerlapping trophic activities are suggested<by the finding 
that BDNF also supports placode-derived neurons from the 
nodose ganglia and retinal ganglion cells (20, 21), which are 
less sensitive to NGF (22, 23). Regulation of neuronal sur- 
vival in vivo in the brain by BDNF has not yet been 
demonstrated, although its sites of synthesis have recently 
been mapped by in situ hybridization where a high level of 
labeling was found in hippocampal neurons (24). 

NGF is synthesized as a preproprotein and the structure of 
both the precursor and the mature protein has been deduced 
from cDNA and genomic clones (25, 26). More recently, a 
genomic clone has been isolated for porcine BDNF (18). Of 
considerable interest is the finding that the mature BDNF and 
NGF proteins show striking amino acid similarities, suggest- 
ing that they are structurally related and may be members of 
a family of neurotrophic factors (18). 

In this study, we report on the cloning and expression of an 
additional member of the NGF family.^ Due to its restricted 
expression in the brain, being mostly-eonfined to a subset of 
pyramidal and granular neurons in the hippocampus, we have 
named this protein hippocampus-derived neurotrophic factor 
(HDNF). 

MATERIALS AND METHODS 
RNA Preparation, Molecular Cloning, and DNA Sequenc- 
ing, Polyadenylylated RNA [poly(A) + ] was prepared as de- 
scribed (27). For cloning, rat hippocampus poly(A) + RNA (5 
/Ag) was used as a template for synthesis of single-stranded 
cDNA using Moloney murine leukemia virus reverse tran- 
scriptase (Pharmacia). Six separate mixtures of 28-mer oli- 
gonucleotides representing all possible codons correspond- 
ing to the amino acid sequence KQYFYET (5 '-oligonucleo- 
tide) and WRFIRID (3 '-oligonucleotide) were synthesized on 
an Applied Biosystems A381 DNA synthesizer. The 5'- 
oligonucleotide contained a synthetic EcoRl site and the 
3 '-oligonucleotide contained a synthetic HindUl site. Each 
mixture of oligonucleotides was then used to prime the 
amplification of hippocampal cDNA (25 ng) by the polymer- 



Abbreviations: NGF, nerve growth factor; BDNF, brain-derived 
neurotrophic factor; HDNF, hippocampus-derived neurotrophic fac- 
tor; PCR, polymerase chain reaction. 
§To whom reprint requests should be addressed. 
^The sequence reported in this paper has been deposited in the 
GenBank data base (accession no. M34643). 
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HDNF 
1.3kb- 




Fig 2. Developmental arid regional expression of HDNF and 
BDNF mRNA in rat brain, {a) Poly(A) + RNA (20 /ig per slot) isolated 
from Sprague-DawleV rat brain at the indicated developmental 
stages was hybridized to the indicated probes (HDNF and BDNF). 
Adult rats were 12 weeks old. E, embryonic day; P ( postnatal day; 
)ks, weeks, (b) Same analysis as in a using poly(A) + RNA(20 pg per 
iot) isolated from the indicated regions of adult male ■ Sprague- 
Dawley rat brain. Medulla, medulla oblongata; hypo, hypothalamus; 
hippo, hippocampus; cortex, cerebral cortex; cblm, cerebellum; olf, 
olfactory bulb. 

brain showed remarkable regional specificity with high, levels 
in hippocampus compared with other brain regions analyzed 
(Fig. 2b). In fact, cerebellum was the only otherregion where 
HDNF mRNA was clearly detected, with the exception of 
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cerebral cortex, which showed a weak signal. BDNF mRNA 
was more widely distributed in rat brain, although hippocam- 
pus also contained the highest amount, followed by cerebral 
cortex, pons, and cerebellum (Fig. 2b). 

Neurons Expressing HDNF and BDNF mRNA Are Located 
in a Distinct Topographical Arrangement in Hippocampus. 
Anterior sections of the dorsal hippocampus showed neurons 
expressing high levels of HDNF mRNA primarily confined to 
the medial part of CA1 and CA2 (Fig. 3 a and c). Few HDNF 
mRN A-expressing neurons were also found in lateral parts of 
CAL Granular cells of the dentate gyrus were also highly 
labeled (Fig. 3a). CA3 and hilar cells of the dentate gyrus 
showed no labeling for HDNF mRNA at any level (Fig. 3d). 
No labeling was seen over any sections after hybridization to 
a control probe, complementary to the specific HDNF probe. 
Adjacent sections hybridized to a BDNF-specific probe 
revealed labeling over granular neurons in the dentate gyrus 
(Fig. 3b) t although possibly with lower intensity than that 
seen after hybridization for HDNF mRNA. Strong labeling 
with the BDNF-specific probe was found over neurons in the 
hilar region (Fig. 3*), CA3, and part of CA2 (Fig. 3b). Few 
BDNF mRNA-expressing neurons, which appeared to be 
less intensively labeled, were also detected in CA1 and CA2 
(Fig. 3b). Intensely labeled neurons were seen in clau strum, 
located lateral to the external capsule. This region showed no 
labeling for HDNF mRNA. 

Neurotrophic Activities of HDNF in Explanted Chicken 
Embryonic Ganglia. The 1020-bp HDNF cDNA insert was 
cloned in the expression .vector pXM (34), designed for 
transient expression in COS cells. Two plasmid constructs 
were isolated, containing the HDNF insert either in the 
correct or opposite orientation for translation of the HDNF 
protein. The latter construct was used as a negative control. 
Included was also a construct containing the rat NGF gene 
(36). The different constructs were transfected into COS cells 
and 3 days later conditioned medium was tested for biological 
activity in bioassays that measured fiber outgrowth from 
various chicken embryo ganglia. A marked stimulation of 
neurite outgrowth, consistently resulting in circular or oval 
fiber halos, was seen in the ganglion of Remak, a ganglionated 
nerve trunk in the mesorectum of the chicken embryo (38, 39) 
(Fig. 4a). Although NGF is known to stimulate the explanted 
ganglion of Remak (39), it was far less_ efficient than HDNF 
(Fig. 4b). A modest stimulation offiber outgrowth was also 
seen with HDNF in the nodose ganglion, consisting of 
neurons exclusively derived from an epidermal placode (22) 




Fig. 3. Expression of HDNF and 
BDNF mRNA in hippocampal neurons. 
Rat (Sprague-Dawley) brain sections hy- 
bridized to either HDNF- or BDNF- 
specific oligonucleotide probes, {a) Au- 
toradiogram from a section at the level of 
hippocampus hybridized to the HDNF- 
specific probe. Note labeling over medial 
CA1, CA2, and the dentate gyrus, (b) 
Adjacent section hybridized to a BDNF- 
specific probe. Note labeling over CA2 
and CA3 as well as hilar cells and dentate 
granule layer, (c) Pyramidal neurons in 
medial CA1 labeled with the HDNF- 
speciftc probe, {d) Nonlabeled hilar neu- 
rons after hybridization to the HDNF- 
specific probe, (e) Hilar neurons labeled 
with the BDNF-specific probe. DG, den- 
tate gyrus; CAlm, CA1 medial; Hi, hilus 
of dentate gyrus; CI, claustrum. {a and b t 
bar = 1.3 mm; c-c, bar = 10 jim.) 
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Fig. 4. Stimulation of fiber outgrowth from chicken embryonic 
ganglia. Biological activity of recombinant HDNF shown as effects 
on different nerve tissues from the chicken embryo. Remak ganglion 
stimulated by HDNF (a) or NGF (b). (c) Nodose ganglion with 
HDNF. Paravertebral sympathetic ganglion in response to HDNF (d) 
and recombinant rat NGF (e). (f) Ciliary ganglion with HDNF. All 
figures show ganglia after 1.5 days in culture. Dark-field microscopy. 
(Bars = 0.3 mm.) 

(Fig. 4c). Again, HDNF was superior to NGF in evoking this 
response. A weak, but consistent, fiber outgrowth response 
with HDNF was seen in paravertebral sympathetic trunk 
ganglia (Fig. 4d), which, however, was much less pronounced 
compared with the massive response to rat NGF (Fig. 4e). In 
the ciliary ganglion, a weak but consistent fiber outgrowth 
response, manifested by the projection of short neurite 
fascicles, was seen with HDNF but never with NGF (Fig. 4c). 
In the dorsal root ganglia, HDNF stimulated neurite out- 
tth to the same extent as NGF. 
displacement of NGF Binding to PC12 Cells by HDNF. 
Concentrated conditioned medium from transfected COS 
cells was tested for its ability to compete for binding 125 I- 
labeled NGF ( l25 I-NGF) to its receptor on PC12 ceils. The 
concentration of 125 I-NGF used allowed ~80% of the labeled 
NGF to be bound to the low-affinity receptor site in the 
absence of competition (40). Twenty-five times concentrated 
medium containing the HDNF protein displaced =^70% of the 
labeled NGF and a 20% displacement was seen after a 25-fold 
dilution (Fig. 5). In contrast, 25 times concentrated medium 
from COS cells transfected with the HDNF cDNA in the 
opposite orientation did not show any displacement. Con- 




1:25 1:5 1:1 5:1 25:1 
Concentration of conditioned medium 

Fig. 5. Displacement of 125 I-NGF from its receptor on PC12 cells 
by HDNF and NGF. Serial dilutions of transfected COS cell medium 
u *-*h (□) or without (o) HDNF or containing rat NGF (■) were 
Wed for their ability to displace 125 I-NGF from its receptor on 
- .A2 cells. Data are from two independent experiments that showed 
a variation of ±20%. 



Proc. Natl. Acad. ScL USA 87 (1990) 5457 

centrated medium from cells transfected in parallel with a rat 
NGF gene displaced 50% of the labeled NGF when diluted 
250 times. 

DISCUSSION 

The cDNA clone isolated in this study encodes a protein, 
HDNF, with a remarkable sequence similarity to both NGF 
and BDNF and therefore represents an additional member of 
a family of neurotrophic proteins. Recently (at the time of 
submission of this manuscript), two groups (41, 42) indepen- 
dent of us isolated genomic clones for a protein (neurotrophin 
3) from mouse and rat, respectively, which is identical to the 
neurotrophic protein characterized in this study. Our cDNA 
clone predicts a 282-amino-acid-long protein, which is 24 
amino acids longer than the protein deduced from the ge- 
nomic clones (41, 42). Two alternative start sites for trans- 
lation of the NGF protein have been proposed; the first is 
located in a separate 5' exon (43). The second start site, 
located in the 3' exon, is also efficiently used for translation 
of the NGF protein (36, 44) and generates a 68-amino acid 
shorter protein. Thus, the structure of our cDNA clone 
indicates that the HDNF protein utilizes two alternative start 
sites for translation, located in separate exons, and suggests 
that the genomic organization of HDNF and NGF is very 
similar. 

In peripheral ganglia bioassays, HDNF showed neuro- 
trophic activities that were to some extent reminiscent of 
both NGF and BDNF. Thus, in similarity to BDNF (20), 
HDNF stimulated fiber outgrowth from the nodose ganglia 
and, as for NGF, evoked a fiber outgrowth response in 
sympathetic ganglia. In the latter case, however, the re- 
sponse was clearly weaker than with NGF. The partially 
overlapping activities seen in vitro may reflect a cooperation 
of these factors in vivo, where two or more proteins from the 
same family may support the development and/or mainte- 
nance of specific neurons. The most striking stimulation of 
fiber outgrowth evoked by HDNF was seen in the peripheral, 
autonomic, ganglion of Remak containing mostly cholinergic 
but also some adrenergic neurons (38, 39). This effect was 
clearly more pronounced than effects seen with NGF (39), 
suggesting that HDNF also evokes trophic responses differ- 
ent from both NGF and BDNF. In agreement with this, 
HDNF showed a weak, but consistent, neurite outgrowth 
response in the ciliary ganglion, which* does not respond to 
NGF or BDNF. The ciliary ganglion is known to respond to 
ciliary neurotrophic factor (45), which lacks a signal se- 
quence, but could be released by an as yet unknown mech- 
anism (46). Thus, HDNF is the only secreted neurotrophic 
factor today that is known to affect fiber outgrowth, at least 
in vitro, from the ciliary ganglion. 

The HDNF protein displaced 125 I-NGF from PC12 cells, 
indicating that it can interact with the NGF receptor. With the 
assumption that NGF and HDNF were produced in equal 
amounts in parallel transfections and that the conditioned 
medium lacks interfering substances, the interaction of NGF 
to its receptor was 30-fold more efficient. PC12 cells have 
both low- and high-affinity receptors but only the high- 
affinity receptor mediates a biological response (47). The fact 
that recombinant rat NGF readily stimulated neurite out- 
growth from PC12 cells, whereas HDNF, even at 30-foid 
higher concentrations than NGF, did not suggests that 
HDNF can only interact with the NGF receptor in its 
low-affinity form. It therefore appears likely that the biolog- 
ical responses elicited by HDNF are mediated by either*a 
separate second messenger system compared with NGF or 
that the HDNF receptor is different from the NGF receptor. 

In similarity with NGF, HDNF mRNA was found in 
several peripheral rat tissues, with the highest level in kidney. 
Hybridization of the same filters to a rat NGF probe revealed 
that the level of HDNF mRNA in kidney was only slightly 



5458 Biochemistry: Ernfors et al 



Proc. Natl. Acad. Sci. USA 87 (1990) 



higher than the levels of NGF mRNA in peripheral sympa- 
thetic target tissues, indicating that HDNF is produced in 
relatively small amounts in peripheral rat tissues. This is also 
true for the brain, and the fact that seven positive cDNA 
clones were isolated from 1.2 x 10 6 independent clones 

^psts that in hippocampus, containing the highest level of 
MF mRNA, this transcript constitutes «1 in every 
170,000, which clearly represents a rare transcript. Thus, as 
in the case of NGF, HDNF may be present in limiting 
amounts and functions in vivo as a target-derived factor for 
a specific subset of both peripheral and central neurons. The 
regional distribution of HDNF mRNA in the periphery is, 
however, different from NGF, and, in agreement with the in 
vitro biological assays, HDNF may support a different set of 
peripheral neurons. Of interest is also that HDNF mRNA 
was found in the ovary, whereas no mRNA was detected in 
the testis, where both NGF and its receptor is expressed (48) 
and where NGF has been suggested to mediate an interaction 
between Sertoli cells and germ ceils (49). This shows that 
different members of the NGF family are expressed in 
different reproductive tissues and suggests that they may 
have nonoverlapping functions outside the nervous system. 

Interestingly, the three neurotrophic proteins were maxi- 
mally expressed at different times of brain development with 
a peak of HDNF mRNA shortly after birth, BDNF mRNA 
around 2 weeks, and NGF mRNA around 3 weeks after birth 
(see ref. 8 for NGF). Moreover, the mRNA's for all three 
proteins were expressed in hippocampus at levels higher than 
in other regions, particularly in the case of HDNF. Within 
hippocampus, all three mRNAs were also confined to neu- 
rons (see ref. 10 for NGF) and a clear topographical division 
was seen, where HDNF mRNA was concentrated to pyra- 
midal neurons in medial CA1, CA2, and granular neurons in 
dentate gyrus. Strongly labeled BDNF neurons were primar- 
ily seen in CA3 and the hilar region of dentate gyrus. Neurons 
apparent lower levels of BDNF mRNA were seen in the 

Itate gyrus. The hilar region, containing neurons with high 
levels of BDNF mRNA, showed no labeling for HDNF 
mRNA. 

This remarkable concentration of trophic factors in the 
adult hippocampus suggests that maintenance of plasticity is 
crucial to its function and may relate to the presumed 
morphological sequelae of long-term potentiation and mem- 
ory consolidation processes. The intriguing temporal and 
spatial expression of the three neurotrophic proteins in the 
brain suggests that they predominantly support neuronal 
innervation at different times of development and that they 
may also exert specific trophic support for different central 
nervous system neurons, a possibility that will be an inter- 
esting topic for future studies. 
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It is assumed at this point in the analysis that the specification has been 
reviewed and an appropriate search of the claimed subject matter has been 
conducted. It is also assumed that the examiner has identified which features 
of the claimed invention are conventional taking into account the body of 
existing prior art. There is a strong presumption that an adequate written 
description of the claimed invention is present in the specification as filed. If 
the examiner determines that the application does not comply with the 
written description requirement, the examiner has the initial burden, after a 
thorough reading and evaluation of the content of the application, of 
presenting evidence or reasons why a person skilled in the art would not 
recognize that the written description of the invention provides support for 
the claims. It should also be noted that the test for an adequate written 
description is separate and distinct from the test under the enablement 
criteria of 35 U.S.C. § 1 12 first paragraph. The absence of definitions or 
details for well-established terms or procedures should not be the basis of a 
rejection under 35 U.S.C. 1 12, para. 1, for lack of adequate written 
description. Limitations may not, however, be imported into the claims from 
the specification. 

The following examples only describe how to determine whether the written 
description requirement of 35 U.S.C. 1 12, para. 1 is satisfied. Regardless of 



the outcome of that determination, Office personnel must complete the 
patentability determination under all the relevant statutory provisions of 
Title 35 of the U.S. Code. Once Office personnel have concluded analysis 
of the claimed invention under all the statutory provisions, including 35 
U.S.C. 101, 1 12, 102, and 103, they should review all the proposed 
rejections and their bases to confirm their correctness. Only then should any 
rejection be imposed in an Office action. The Office action should 
clearly communicate the findings, conclusions, and reasons which 
support them. When possible, the Office action should offer helpful 
suggestions on how to overcome rejections. 
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For each new or amended claim or claim 
asserting the benefit of an earlier filing date, 
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the original claim(s) and/or the earliest priority 
or benefit application disclosure. For each 
broader/narrower element follow appropriate 
branch. 
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Review the full content of the specification and identify features 
that applicant has indicated as being essential to the 
operation/function of the claimed invention. Identify which 
features of the claimed invention are conventional taking into 
account the level of general knowledge and skill in the art. 



Review the language of each claim to ascertain the meaning of the 
terms used and whether the language serves as a limitation on the 
claim. Interpret the claimed invention as a whole giving the claim its 
broadest reasonable interpretation in light of and consistent with the 
written description and the prior art. Characterize whether the claim is 
drawn to a single embodiment or species or drawn to a genus. 



Conduct a thorough search of the prior art. 



First evaluate the claims to a species. Thereafter evaluate each 
claim drawn to a genus (see genus analysis below). If there are no 
claims to a single embodiment or species, do the species analysis 
below for a reasonable number of disclosed species or specific 
embodiments before proceeding to the genus analysis. 
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Clear depiction of the 
claimed invention or 
disclosed species in 
detailed drawings 



Yes 



Meets Written 
Description 



No 



Complete structure of a 

claimed or disclosed 
product or complete acts 
of a claimed or disclosed 
process disclosed? 



Meets written 
description 



Yes 



No 



Consider all disclosed distinguishing identifying 
characteristics such as: 

A: Partial structure 

B: Physical and/or chemical properties 

C: Functional characteristics 

D: Known or disclosed correlation 
between structure and function 

E: Method of making 

F: Combinations of A-E, 
Weigh all factors in view of the level of skill and the 
knowledge in the art and in light of and consistent with 
the written description. Determine if one of skill in the art 
would recognize from the disclosure that applicant was in 
possession of the claimed invention. 



Meets written 
description 



Yes 



No 



Reject under 35 U.S.C 112, 
first paragraph as lacking an 
adequate written description 



Written Description 



Original Claims 



Decision Tree 
—Page 3— 



Genus Analysis 



Determine whether the art indicates substantial 
variation among the species within the genus of 
the claimed subject matter. 



Is there is a representative number of 
species implicitly or explicitly disclosed? 
What is a representative number of species 
depends on whether one of skill in the art 
would recognize that applicant was in 
possession of the necessary common 
attributes or features of the elements 
possessed by the members of the genus in 
view of the species disclosed or claimed. 



Yes 



Meets Written 
Description 



No 



Make a rejection under 35 
USC 1 12 first paragraph as 
lacking written description. 



WRITTEN DESCRIPTION TRAINING EXAMPLES 



Example 1: Amended claims 
Fact Pattern: 

The specification is directed to a sectional sofa with a console 
between two reclining chairs, wherein control means for the reclining chairs 
are mounted on the console. The original disclosure clearly identifies the 
console as the only possible location for the controls, and provides for only 
the most minor variation in the location of the controls, e.g., the controls 
may be mounted on the top or side surfaces of the console or on the front 
wall. Additionally, the specification states that the purpose for the console is 
to house the controls. The original claims required the control elements to 
be present in the console. Applicant subsequently amends the claims to 
remove this limitation. 

Amended Claim: 

1. (Amended) A sectional sofa comprising: 

a pair of reclining seats disposed in parallel relationship with one 
another in a double reclining seat sofa section, said double reclining seat 
sofa section being without an arm at one end whereby a second sofa section 
of the sectional sofa can be placed in abutting relationship with the end of 
the double reclining seat sofa section without an arm so as to form a 
continuation thereof, 
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each of said reclining seats having a backrest and seat cushion and 
movable between upright and reclined positions, said backrests and seat 
cushions of the pair of reclining sets lying in respective common planes 
when the seats are in the same positions, 

a fixed console disposed in the double reclining seat sofa section 
between the pair of reclining seats and with the console and reclining seats 
together comprising a unitary structure, said console including an armrest 
portion for each of the reclining seats, said arm rests remaining fixed when 
the reclining seats move from one to another of their positions, and 

a pair of control means [located upon the center console to enable 
each of the pair of reclining seats to move separately between the 
reclined and upright positions] mounted on the double reclining seat 
sofa section and each readily accessible to an occupant of its respective 
reclining seat and when actuated causing the respective reclining seat to 
move from the upright to the reclined position . 

Analysis: 

The amended claim is broader than the original claim in that the pair 
of control means is no longer required to be located on the center console. 
Thus, control means mounted on a center console is an element missing 
from the claim. The specification describes the location of the control 
means on the console as an essential feature of the claimed invention as a 
whole because the specification clearly identifies the console as the only 
possible location for the controls, and states that the purpose for the console 
is to house the controls. 
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Conclusion: 

Reject the amended claim under 35 USC § 1 12 first paragraph as 
lacking adequate written description. 
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Example 2: 35 USC 120 Priority 
Fact Pattern: 

The specification is directed to artificial hip sockets that include cup 
implants adapted for insertion into an acetabular, or hip, bone. The 
specification indicates that the shape of the cup is not important, as long as 
the implant can effectively function as an artificial hip socket. The 
application is a continuation in part of a parent application that describes an 
acetabular cup prosthesis wherein the cup is a trapezoid, a truncated cone, or 
of conical shape. All of these terms describe a conical cup. The parent 
specification also touts the criticality of a conical cup over all other shape 
cups. 

A reference disclosing the claimed invention published between the filing 
date of the parent application and the instant application. Applicant asserts 
entitlement to the filing date of the parent application. 

Claim: 

1. An acetabular cup prosthesis comprising (1) a body extending generally 
longitudinally and terminating into front and rear surfaces, said front surface 
extending substantially transversely to said body; and (2) at least one fin for 
securing said cup to a prepared acetabulum cavity, said fin having a length 
extending generally longitudinally from said front surface toward said rear 
surface continuously along said body throughout the entire length of said fin, 
and said fin being configured so as to extend radially outwardly beyond the 
perimeter of said front surface and said body so as to engage with the cavity 
thereby securing said cup. 
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2. The prosthesis of claim 1, wherein the body has a generally conical outer 
surface. 



Analysis: 

Claim 1 in the instant application is directed to an acetabular cup 
prosthesis wherein the shape of the cup is not specifically defined (see 
element (1) of claim 1). The claim is broader than the disclosure in the 
parent application, which only describes a conical cup. Claim 1 is missing 
the element of a conical shape. This element is an essential or critical 
feature of the invention described in the parent application because the 
parent application only discloses a conical shape and the conical shape is 
described as critical over other shapes. 

Claim 2 of the instant application is directed to an acetabular cup 
prosthesis wherein the cup has a generally conical outer surface. The claim 
is of the same scope as the invention described in the parent application. 

Conclusion: 

Reject claim 1 over the prior art reference, and indicate that the claim 
is not entitled to the benefit of the earlier application filing date. 

Indicate that claim 2 is entitled to the benefit of the parent application filing 
date. 

Note that if applicant had added the subject matter of claim 1 of this 
application to the parent application in an amendment, the claim would have 
been rejected under 35 U.S.C. 1 12, first paragraph as lacking an adequate 
written description. 
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Example 2A: Essential element missing from original claim 
Fact Pattern: 

The fact situation of example 2 above is similar to the fact situation of 
the instant example, however, there is no parent application in this example. 

The specification is directed to artificial hip sockets that include cup 
implants adapted for insertion into an acetabular, or hip, bone. The 
specification indicates that the shape of the cup is critical to permit the 
implant to effectively function as an artificial hip socket. The application 
describes an acetabular cup prosthesis wherein the cup is a trapezoid, a 
truncated cone, or of conical shape. All of these terms describe a conical 
cup. The specification also touts the criticality of a conical cup. 

Claims: Same as claims 1 and 2 of example 2 above. 

Analysis: 

Claim 1 in the instant application is directed to an acetabular cup 
prosthesis wherein the shape of the cup is not specifically defined (see 
element (1) of claim 1). The claim is broader than the disclosure in the 
instant application that only describes a conical cup. Claim 1 is missing the 
element of a conical shape. A review of the specification indicates that a cup 
implant having a shape which can effectively function as an artifical hip 
socket is critical to the operation/function of the claimed invention. The 
application discloses a conical shape cup and the conical shape is described 
as critical over other shapes. The specification indicates that the invention 
as claimed will not function in its intended manner without the specific cup 
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shape. Therefore this element is essential to the function/operation of the 
invention. 



Claim 1 is directed to a genus. There is no actual reduction to practice 
or clear depiction of the claimed invention in detailed drawings; however, 
the complete structure of a species of the claimed prosthesis (with conical 
shape) is disclosed. The disclosed species is not representative of the genus 
because the specification indicates that without the conical shape the 
invention will not operate as intended. Therefore, applicant was not in 
possession of the necessary common attributes of the elements possessed by 
the members of the genus. A written description rejection should be made in 
this situation. 
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Example 2B: A preferred element missing from original claim 



Fact Pattern: 

The fact situation of example 2B is similar to example 2A above 
except that in this example the shape of the conical cup is described as being 
preferred. 

The specification is directed to artificial hip sockets that include cup 
implants adapted for insertion into an acetabular, or hip, bone. The 
specification indicates that the shape of the cup must permit the implant to 
effectively function as an artificial hip socket. The application describes an 
acetabular cup prosthesis wherein the cup is preferably a trapezoid, a 
truncated cone, or of conical shape. All of these terms describe a conical 
cup. The specification emphasizes that a conical cup is the preferred 
embodiment. 

Claims: Same as claims 1 and 2 of example 2 above. 
Analysis: 

Claim 1 in the instant application is directed to an acetabular cup 
prosthesis wherein the shape of the cup is not specifically defined (see 
element (1) of claim 1). The claim is broader than the disclosure in the 
instant application that only describes a conical cup. Claim 1 is missing the 
element of a conical shape. A review of the specification indicates that a cup 
implant having a conical shape is preferred but has no apparent bearing to 
the operation/function of the claimed invention. Therefore this element is not 
essential to the function or operation of the invention. 
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Claim 1 is directed to a genus. Although there is no actual reduction 
to practice or clear depiction of the claimed invention in detailed drawings, 
the complete structure of a species of the claimed prosthesis (with conical 
shape) is disclosed. The disclosed species is representative of the genus 
because there is a known correlation between the structure and the function 
of claimed invention and one of skill in the art would recognize that 
applicant was in possession of the necessary common attributes of the 
elements possessed by the members of the genus. The invention as claimed 
will function in its intended manner even without the specific cup shape. No 
written description rejection should be made in this situation. 

Note: If the specificati on needs to be amended to be consistent with an 
original claim, seeMPEP 608.01 (o). 
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Example 3: New claims 



Fact Pattern: 

The specification describes a form of computer technology called 
multi-threading. In essence, computers with multi-threading capabilities can 
switch between tasks with such rapidity that they appear to be performing 
two or more tasks at once. The specification describes one illustrative 
example in the specification wherein one of the program threads is an editor 
and another thread is a code processing routine in the form of a compiler. 
As the operator strikes keys at the keyboard, the compiler thread executes 
between each successive pair of keystrokes to process the entered source 
code concurrently with the editing operation. By the time the operator has 
finished entering or editing the code the compiler thread will have completed 
most of the required processing, thereby freeing the operator from lengthy 
periods of waiting for extensive code processing. 

In this illustrative embodiment the interrupt operation of the central 
processor is periodically activated by a timer or clock. Each interrupt 
operation asynchronously preempts the executing compiler thread and 
passes control of the central processor to an interrupt service routine. The 
input port is then polled to test if a key has been struck at the keyboard. If 
not, the interrupt is terminated and control returns to the compiler thread. If 
polling the port reveals that a key has been struck then the interrupt service 
routine invokes the editor thread which takes control of the central processor 
to perform a character code entry or other edit operation. In addition to the 
description above, the application's abstract references an editor, compiler, 
interrupt means, and return means, and the "Object of the Invention" section 
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and the "Description of Prior Art" clearly discuss the importance of an 
editor and compiler. 

The original claims required, inter alia, an editor, a compiler, an 
interrupt means and a return means. These elements are missing from new 
claim 20. 

Claim: 

20. A computer-readable disk memory having a surface formed with a 
plurality of binary patterns constituting a multithreaded application program 
executable by a desktop computer having a central microprocessor, a 
memory, means for loading said application program into a defined address 
space of said memory, and a clock-driven periodically-activated interrupt 
operation, said multithreaded program comprising 

a plurality of sets of instructions with each set executable by said 
microprocessor, 

a first of said sets of instructions executable to provide a first thread of 
execution having control of the central microprocessor, 

said first thread of execution being periodically preempted in response 
to activations of an interrupt operation at predetermined fixed time intervals, 
and 

a second of said sets of instructions executable to provide a second 
thread of execution to acquire control of the central microprocessor, 

each of said threads having direct access to said program memory 
address space so as to provide fast efficient preemption of one thread by 
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another thread and switching of control of the central microprocessor back 
and forth among the threads at a rate so rapid that the threads execute 
effectively simultaneously. 

Analysis: 

Claim 20 is a new claim, which is broader in scope than the original 
claims. There are four elements missing from the claims (the editor, 
compiler, interrupt means, and return means). These missing elements are 
described by applicant as being an essential or critical feature of the claimed 
invention as a whole as evidenced by applicant's repeated reliance on the 
presence of these elements throughout the originally filed disclosure. 
Multiple sections within the application make clear that these four elements 
served integral functions in the overall invention. 

Conclusion: 

Reject claim 20 as lacking an adequate written description because 
four elements described as essential or critical are omitted. The omitted 
elements are: editor, compiler, interrupt means, and return means. 
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Example 4 : Original claim 



Fact Pattern: 

The invention is directed to a form of autopilot, described as a 
"heading lock," which enables a person to maintain directional control over 
a watercraft without constant manipulation of trolling motor controls. The 
preferred embodiment, as set forth in the written description and clearly 
depicted in detailed drawings, employs a compass mounted to the head of 
the "heading lock" unit, which monitors the direction of the thrust motor. 
The heading lock is coupled to the trolling motor; in a preferred 
embodiment, the heading lock is mechanically coupled to the trolling motor. 
The disclosure specifically notes that the direction of the thrust motor is 
considered to be the same as the direction of the boat since the trolling motor 
is mounted on the bow of the boat. The specification indicates that the 
electronic steering system continues to monitor the current heading of the 
thrust and also indicates that the heading detector continuously monitors the 
current heading of the boat. The term "heading" is used interchangeably 
throughout the written description to refer to both the direction of the 
trolling motor and the direction of the boat. 

Claim: 

1 . A heading lock coupled to a trolling motor producing a thrust disposed to 
pull a watercraft, said heading lock comprising: 

a steering motor coupled to said trolling motor, said steering motor 
being disposed to affect the orientation of said trolling motor in response to 
input signals; 
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a steering circuit electrically coupled to said steering motor, said 
steering circuit being disposed to generate said input signals to said steering 
motor in response to heading signals; and 

a heading detector electrically coupled to said steering circuit, said 
heading detector being disposed to transmit said heading signals to said 
steering circuit. 

Analysis: 

Applicant has identified a heading lock comprising a steering system 
coupled to a trolling motor and a heading detector, as features essential to 
the operation of the claimed invention. Although the heading lock is 
preferably mechanically coupled to the trolling motor, the applicant does not 
describe the type of coupling as essential to the claimed invention as a 
whole. A search of the prior art shows that various means for coupling a 
heading lock to a trolling motor are conventional in the art. The claim is 
drawn to a single embodiment. Although there is no reduction to practice of 
the claimed invention, the claimed invention is clearly depicted in detailed 
drawings. 

Conclusion: 

The claim is adequately described. 
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Example 5: Flow Diagrams 
Fact Pattern: 

The specification is directed to a mechanism for controlling the mode 
of operation of a modem. A modem is used for modulating and 
demodulating signals, both analog and digital, over telephone lines. It has 
two modes: (1) a transparent mode, in which the modem performs the 
modulation-demodulation function, and (2) a command mode, in which the 
modem responds to predetermined commands and performs operations by 
executing a set of instructions stored in Read-Only-Memory (ROM) or 
firmware. An escape command tells the modem when to switch between 
transparent and command modes. 

The application claims an improved mechanism for detecting an escape 
command by a modem. The decision making capability and timing means 
preferably reside in a microprocessor, preferably a Z-8 type microprocessor. 
The specification discloses logic flow diagrams and provides a detailed 
functional recitation that describes how to program computers to detect an 
escape command, but the specification does not provide a computer program 
listing with source code. The specification describes the escape sequence as 
one full second of no data, followed by the predetermined escape command, 
followed by another full second of no data. 

Claim: 

1 . In a modem including a data input port for connecting said modem to a 
utilization device, and a telephone port for connecting said modem to a 
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telephone line, said modem being of the type having two distinct modes of 
operation: 

(a) a transparent mode of operation for which said modem provides 
modulated signals to said telephone port in response to data signals provided 
to said data input port; and 

(b) a command mode of operation for which said modem responds to 
said data signals provided to said data input port as instructions to said 
modem; 

said modem including means defining a predetermined sequence of said data 
signals as an escape character; the improvement comprising: 

timing means for detecting each occurrence of a passage of a 
predetermined period of time after provision of one of said data signals to 
said data input port; and 

means, operative when said modem is in said transparent mode of 
operation, for detecting provision of said predetermined sequence of said 
data signals, and for causing said modem to switch to said command mode 
of operation, if and only if said predetermined sequence of data signals 
occurs contiguous in time with at least one said occurrence of said passage 
of said predetermined period of time during which none of said data signals 
are provided to said data input port. 

Analysis: 

After a review of the full content of the specification, the examiner 
finds that a modem having two modes of operation (transparent and 
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command), a timing means, and a means for detecting an escape sequence 
and causing the modem to switch from the transparent to the command 
mode are essential to the operation and function of the claimed invention. 
The specification does not describe a particular timing means or means for 
detecting the escape command and switching to the command mode. The 
claim is drawn to a genus. A search of the prior art indicates that the 
structure of the hardware required is conventional, and that one skilled in the 
art would know how to program a microprocessor to perform the necessary 
steps described in the specification. A review of the art indicates that there 
is no substantial variation among the species within the genus. Although no 
embodiments have been actually reduced to practice, a review of the 
specification shows that the claimed invention has been reduced to drawings 
in view of the detailed functional flow diagrams. Since the claimed 
invention is supported by conventional hardware structure and because there 
is a functional description of what the software does to operate the computer, 
there is sufficient description of the claimed invention. Disclosing a 
microprocessor capable of performing certain functions is sufficient to 
satisfy the requirement of section 1 12, first paragraph, when one skilled in 
the relevant art would understand what is intended and know how to carry it 
out. 

Conclusion: 

The claimed invention has been adequately described. 
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Biotechnology Examples 



Example 6: Genes 

Specification: The specification describes an isolated cDNA fragment (SEQ 
ID NO: 1 ; a lOOmer) obtained from a human glioblastoma cDNA library. 
SEQ ID NO: 1 is asserted to be homologous to a known DNA molecule that 
encodes the extracellular domain of a glial specific G-coupled protein 
receptor whose function is associated with glial cell differentiation. The 
observed homology is sufficient to support a conclusion that SEQ ID NO: 1 
would be glial specific. Further, it would be reasonable to infer that a G- 
coupled protein receptor encoded by a cDNA that comprised SEQ ID NO: 1 
would be involved in the regulation of glial cell differentiation. In the 
description, applicant defines a "gene" as including naturally occurring 
regulatory elements and untranslated regions necessary and sufficient to 
mediate the expression of a cDNA comprising SEQ ID NO: 1. The 
specification describes methods for cloning nucleic acids that encode full- 
length glial specific G coupled protein receptors. The specification also 
discloses that SEQ ID NO: 1 can be used as a probe for identifying the 
presence of nucleic acids encoding glial specific G-coupled protein receptors 
m mammals. Glial specific G-coupled protein receptors are disclosed as 
useful in drug discovery methods to identify agents that regulate glial 
differentiation. The specification defines a probe as consisting of SEQ ID 
NO: 1 and between five to 10 additional nucleotides on either end of SEQ 
ID NO: 1. 



27 



Claim: 



An isolated gene comprising SEQ ID NO: 1. 
Analysis: 

A review of the specification indicates that elements which are not 
particularly described, including regulatory elements and untranslated 
regions, are essential to the function of the claimed invention because 
applicant's definition of "gene" requires them. Additionally, SEQ ID NO: 1 
is disclosed as being essential to the function of the claimed invention. The 
art indicates that the structure of genes with naturally occurring regulatory 
elements and untranslated regions is empirically determined. For example, 
the structural elements of "gene" mediating the expression of a particular 
protein in the liver may be different than the structural elements of the 
"gene" mediating the expression of the same protein in the brain. Therefore 
the structure of these elements which applicant considers as being essential 
to the function of the claim are not conventional in the art. 

The claim is drawn to a genus, i.e., any gene which comprises SEQ ID 
NO: 1. 

A search of the prior art indicates that SEQ ID NO: 1 is otherwise 
novel and unobvious, and no associated genomic clones have been 
identified. 

There is no actual reduction to practice of the claimed invention, clear 
depiction of the claimed invention in the drawings or complete detailed 
description of the structure. 
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Considering all disclosed distinguishing identifying characteristics, 
there is a disclosure of partial structure (SEQ ID NO: 1) as well as the 
function of the gene as coding for a G-coupled protein receptor. 

However, there is no known or disclosed correlation between this 
function and the structure of the non-described regulatory elements and 
untranslated regions of the gene. Furthermore, there is no additional 
disclosure of physical and/or chemical properties. Weighing all factors in 
view of the level of knowledge and skill in the art, one skilled in the art 
would not recognize from the disclosure that the applicant was in possession 
of the genus of genes which comprise SEQ ID NO: 1 . 

Conclusion: 

Reject claim 1 under 35 USC 1 12 first paragraph as lacking an adequate 
written description. The examiner should make a rejection following a 
similar type of reasoning as that set forth above. 

Note: Applicant may overcome this rejection by claiming a probe which 
consists essentially of SEQ ID NO: 1, since the specification teaches that 
a probe can have no more than 10 additional nucleic acid residues at 
either end of the molecule. The examiner should make an express 
determination that "consisting essentially of admits of no more than 10 
additional residues at either end of the molecule. 
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Example 7: EST 

Specification: The specification discloses SEQ ID NO: 16 which is a partial 
cDNA. The specification does not address whether the cDNA crosses an 
exon/intron splice junction. The specification discloses that this sequence 
will specifically hybridize with the complement of the coding sequence of a 
gene of an infectious yeast. The presence of the nucleic acid detected by 
hybridization with the complement of the coding sequence is useful for 
identifying yeast infections. Example 1 of the specification describes an 
experiment where SEQ ID NO: 16 was determined following 
characterization of a cDNA clone isolated from a cDNA library. 

Claim: 

An isolated DNA comprising SEQ ID NO: 1 6. 
Analysis: 

A review of the full content of the specification indicates SEQ ID NO: 
1 6 is essential to the operation and function of the claimed invention. The 
specification indicates that the presence of DNA that hybridizes with SEQ 
ID NO: 16 is indicative of a yeast infection. 

A review of the language of the claim indicates that the claim is 
drawn to a genus, i.e., any nucleic acid that minimally contains SEQ ID NO: 
16 within it including any full length gene which contains the sequence, any 
fusion constructs or cDNAs. 

The search indicates that SEQ ID NO: 16 is a novel and unobvious 
sequence. 
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There is a single species explicitly disclosed (a molecule consisting of 
SEQ ID NO: 16 that is within the scope of the claimed genus). 

There is actual reduction to practice of the disclosed species. 

The disclosure of a single disclosed species may provide an adequate 
written description of a genus when the species disclosed is representative of 
the genus. The present claim encompasses full-length genes and cDNAs that 
are not further described. There is substantial variability among the species 
of DNAs encompassed within the scope of the claims because SEQ ID NO: 
16 is only a fragment of any full-length gene or cDNA species. When 
reviewing a claim that encompasses a widely varying genus, the examiner 
must evaluate any necessary common attributes or features. In the case of a 
partial cDNA sequence that is claimed with open language (comprising), the 
genus of, e.g., "A cDNA comprising [a partial sequence]," encompasses a 
variety of subgenera with widely varying attributes. For example, a cDNA's 
principle attribute would include its coding region. A partial cDNA that did 
not include a disclosure of any open reading frame (ORF) of which it would 
be a part, would not be representative of the genus of cDNAs because no 
information regarding the coding capacity of any cDNA molecule would be 
disclosed. Further, defining "the" cDNA in functional terms would not 
suffice in the absence of a disclosure of structural features or elements of a 
cDNA that would encode a protein having a stated function. 

A description of a genus of cDNAs may be achieved by means of a 
recitation of a representative number of cDNAs, defined by nucleotide 
sequence, falling within the scope of the genus or of a recitation of structural 
features common to the members of the genus, which features constitute a 
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substantial portion of the genus. Regents of the University of California v 
Eli Lilly & Co. , 119 F3d 1559, 1569, 43 USPQ2d 1398, 1406 (Fed. Cir. 
1997). 



Here, the specification discloses only a single common structural feature 
shared by members of the claimed genus, i.e., SEQ ID NO: 16. Since the 
claimed genus encompasses genes yet to be discovered, DNA constructs that 
encode fusion proteins, etc., the disclosed structural feature does not 
"constitute a substantial portion" of the claimed genus. Therefore, the 
disclosure of SEQ ID NO: 16 does not provide an adequate description of 
the claimed genus. 

Weighing all factors, 1) partial structure of the DNAs that comprise 
SEQ ID NO: 16, 2) the breadth of the claim as reading on genes yet to be 
discovered in addition to numerous fusion constructs and cDNAs, 3) the lack 
of correlation between the structure and the function of the genes and/or 
fusion constructs; in view of the level of knowledge and skill in the art, one 
skilled in the art would not recognize from the disclosure that the applicant 
was in possession of the genus of DNAs which comprise SEQ ID NO: 16. 



Conclusion: The written description requirement is not satisfied. 
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Caveat: In situations where the specification indicates that the SEQ ID 
NO: is a full-length cDNA open reading frame and the claim cannot read on 
a gene, the claimed invention would meet the written description 
requirement. 

Example 8: DNA fragment Encoding a Full Open Reading Frame 
(ORF) 

Specification: The specification discloses that a cDNA library was prepared 
from human kidney epithelial cells and 5000 members of this library were 
sequenced and open reading frames were identified. The specification 
discloses a Table that indicates that one member of the library having SEQ 
ID NO: 2 has a high level of homology to a DNA ligase. The specification 
teaches that this complete ORF (SEQ ID NO: 2) encodes SEQ ID NO: 3. 
An alignment of SEQ ID NO: 3 with known amino acid sequences of DNA 
ligases indicates that there is a high level of sequence conservation between 
the various known ligases. The overall level of sequence similarity between 
SEQ ID NO: 3 and the consensus sequence of the known DNA ligases that 
are presented in the specification reveals a similarity score of 95%. A search 
of the prior art confirms that SEQ ID NO: 2 has high homology to DNA 
ligase encoding nucleic acids and that the next highest level of homology is 
to alpha-actin. However, the latter homology is only 50%. Based on the 
sequence homologies, the specification asserts that SEQ ID NO: 2 encodes a 
ligase. 

Claim 1: An isolated and purified nucleic acid comprising SEQ ID NO: 2. 
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Analysis: 



A review of the full content of the specification indicates SEQ ID NO: 
2 is essential to the operation and function of the claimed invention. The 
specification indicates that SEQ ID NO: 2 encodes a protein that would be 
expected to act as a DNA ligase. 

A review of the language of the claim indicates that the claim is 
drawn to a genus, i.e., any nucleic acid that minimally contains SEQ ID NO: 
2. The claim is drawn to a nucleic acid comprising a full open reading frame. 
The claimed nucleic acid does not read on a genomic sequence because full- 
length mammalian cDNAs would not be expected to contain introns or 
transcriptional regulatory elements such as promoters that are found in 
genomic DNA. The claim reads on the claimed ORF in any construct or with 
additional nucleic acid residues placed at either end of the ORF. 

The search indicates that SEQ ID NO: 2 is a novel and unobvious 
sequence. 

There is a single species explicitly disclosed (a molecule consisting of 
SEQ ID NO: 2 that is within the scope of the claimed genus). 

There is actual reduction to practice of the disclosed species. 

One of skill in the art can readily envisage nucleic acid sequences 
which include SEQ ID NO: 2 because e.g. SEQ ID NO: 2 can be readily 
embedded in known vectors. Although there may be substantial variability 
among the species of DNAs encompassed within the scope of the claim 
because SEQ ID NO: 2 may be combined with sequences known in the art, 
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e.g. expression vectors, the necessary common attribute is the ORF (SEQ ID 
NO: 2). 

Weighing all factors including (1) that the full length ORF (SEQ ID 
NO: 2) is disclosed and (2) that any substantial variability within the genus 
arises due to addition of elements that are not part of the inventor's 
particular contribution, taken in view of the level of knowledge and skill in 
the art, one skilled in the art would recognize from the disclosure that the 
applicant was in possession of the genus of DNAs that comprise SEQ ID 
NO: 2. 

Conclusion: The written description requirement is satisfied. 
Example 9: Hybridization 

Specification: The specification discloses a single cDNA ( SEQ ID NO:l) 
which encodes a protein that binds to a dopamine receptor and stimulates 
adenylate cyclase activity. The specification includes an example wherein 
the complement of SEQ ID NO: 1 was used under highly stringent 
hybridization conditions (6XSSC and 65 degrees Celsius) for the isolation 
of nucleic acids that encode proteins that bind to dopamine receptor and 
stimulate adenylate cyclase activity. The hybridizing nucleic acids were not 
sequenced. They were expressed and several were shown to encode proteins 
that bind to a dopamine receptor and stimulate adenylate cyclase activity. 
These sequences may or may not be the same as SEQ ID NO: 1 . 

Claim: 

An isolated nucleic acid that specifically hybridizes under highly stringent 
conditions to the complement of the sequence set forth in SEQ ID NO: 1, 
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wherein said nucleic acid encodes a protein that binds to a dopamine 
receptor and stimulates adenylate cyclase activity. 

Analysis: 

A review of the full content of the specification indicates that the 
essential feature of the claimed invention is the isolated nucleic acid that 
hybridizes to SEQ ID NO: 1 under highly stringent conditions and encodes a 
protein with a specific function. The art indicates that hybridization 
techniques using a known DNA as a probe under highly stringent conditions 
were conventional in the art at the time of filing. 

The claim is drawn to a genus of nucleic acids all of which must 
hybridize with SEQ ID NO: 1 and must encode a protein with a specific 
activity. 

The search of the prior art indicates that SEQ ID NO: 1 is novel and 
unobvious. 

There is a single species disclosed (a molecule consisting of SEQ ID 
NO: 1) that is within the scope of the claimed genus. 

There is actual reduction to practice of the disclosed species. 

Now turning to the genus analysis, a person of skill in the art would 
not expect substantial variation among species encompassed within the 
scope of the claims because the highly stringent hybridization conditions set 
forth in the claim yield structurally similar DNAs. Thus, a representative 
number of species is disclosed, since highly stringent hybridization 
conditions in combination with the coding function of DNA and the level of 
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skill and knowledge in the art are adequate to determine that applicant was 
in possession of the claimed invention. 

Conclusion: The claimed invention is adequately described. 
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Example 10: Process claim 

Specification: The specification teaches that SEQ ID NO: 10 is an EST. 
The specification also teaches that SEQ ID NO: 10 is a chromosome marker 
and that any DNA which hybridizes under specified stringent conditions to 
SEQ ID NO: 1 0 will be useful as a marker for detecting the presence of 
Burkitt's lymphoma. The specification also teaches how to produce DNAs 
including genomic DNAs which hybridize to SEQ ID NO: 10 and isolation 
of said DNAs. The specification presents an example where a genomic 
DNA is probed with SEQ ID NO: 10 under the specified stringent conditions 
(6XSSC and 65 degrees Celsius) and the genomic DNA which hybridizes 
under these conditions is isolated and is sequenced. The sequence of this 
genomic clone is represented by SEQ ID NO: 11. 

Claim: 

Claim 1 : A process for producing an isolated polynucleotide comprising 
hybridizing SEQ ID NO: 10 to genomic DNA in 6XSSC and 65° C and 
isolating the DNA polynucleotide detected with SEQ ID NO: 10. 

Claim 2: An isolated DNA that hybridizes with SEQ ID NO: 10. 

Analysis: 

Claim 1: 

A review of the full content of the specification indicates that the 
essential feature of the claimed invention is a process of obtaining a nucleic 
acid sequence which is identified by a probe that hybridizes to SEQ ID 
NO: 10 and a polynucleotide that hybridizes with SEQ ID NO: 10. The 



38 



specification and the general state of the art indicate that the general process 
of producing nucleic acids through hybridization with probes was routine at 
the time of filing. 

The claim is drawn to a genus i.e., a process of hybridizing to 
genomic DNA with SEQ ID NO: 10 and isolating the DNA which 
hybridizes under specific conditions to said sequence. 

The search indicates that SEQ ID NO: 10 and SEQ ID NO: 1 1 are 
novel and unobvious sequences. Therefore, under the examination 
guidelines of In re Ochiai and In re Brouwer * the method of making a novel 
and unobvious product is also novel and unobvious. 

The specification presents an example where a single species has been 
reduced to practice, i.e., isolation of SEQ ID NO: 1 1 based on hybridization 
with SEQ ID NO: 10. Therefore the disclosed species within the genus has 
been adequately described. Now turning to the genus analysis, the art 
indicates that there is no substantial variation within the genus because of 
the stringency of hybridization conditions which yields structurally similar 
molecules. The single disclosed species is representative of the genus 
because reduction to practice of this species, considered along with the 
defined hybridization conditions and the level of skill and knowledge in the 
art, are sufficient to allow the skilled artisan to recognize that applicant was 
in possession of the necessary common attributes or features of the elements 
possessed by the members of the genus. 
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Claim 2: 



The claim is drawn to a genus of nucleic acids, all of which must 
hybridize to SEQ ID NO: 10. The claim does not specify any stringency 
conditions. The claim is broad and reads on virtually any nucleic acid. 

There is a species disclosed, SEQ ID NO: 11. The art indicates that 
there is substantial variation within the genus because the lack of stringency 
of hybridization conditions would be expected to yield structurally unrelated 
nucleic acid molecules. The single disclosed species is not representative of 
the genus because there is no structural attribute or feature that is common to 
the members of the genus. 

Conclusion: 

Claim 1 is adequately described. 

Claim 2 should be rejected as lacking adequate written description following 
the analysis described above. 

Note: Applicant may overcome the written description rejection of the 
product by, for example, substituting claim 2 with a product by process 
claim such as the one below. 

Claim 2. The isolated DNA polynucleotide prepared according to the 
process of claim 1. 
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Example 11: Allelic Variants 

Specification: The specification discloses a DNA, SEQ ID NO: 1, said to 
encode a cell surface receptor for adenovirus. The cell surface receptor is 
designated protein X and its sequence is given as SEQ ID NO:2. The 
specification states that the invention includes alleles of the DNA that 
include single nucleotide polymorphisms (SNPs). No allelic sequence 
information is disclosed, but the specification states that allelic variants of 
SEQ ID NO: 1 can be obtained, e.g., by hybridizing SEQ ID NO: 1 to a 
DNA library made from the species of organism that yielded SEQ ID NO: L 

Claims: 

1. An isolated DNA that encodes protein X (SEQ ID NO: 2). 

2. An isolated allele of the DNA according to claim 1, which allele encodes 
protein X (SEQ ID NO: 2). 

3. An isolated allele of SEQ ID NO: 1 . 
Analysis: 

Claim 1: 

Claim 1 is drawn to the genus of DNAs that encode amino acid 
sequence SEQ ID NO:2, i.e., all sequences degenerately related by a genetic 
code table to SEQ ID NO: 1 . Although only one specie within the genus is 
disclosed, SEQ ID NO:l, a person of skill in the art could readily envision 
all the DNAs degenerate to SEQ ID NO: 1 by using a genetic code table. 
One of skill in the art would conclude that applicant was in possession of the 
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genus based on the specification and the general knowledge in the art 
concerning a genetic coding table. 

Claim 2: 

Claim 2 is drawn to a subgenus of allelic DNAs that encode amino 
acid sequence SEQ ID NO: 2. The specification does not provide any 
particular definition for the term allele. In this circumstance, the meaning of 
the term is the ordinary usage in the art. The ordinary meaning of the term 
allele is one of two or more alternate forms of a gene occupying the same 
locus in a particular chromosome or linkage structure and differing from 
other alleles of the locus at one or more mutational sites. See, Rieger et al., 
Glossary of Genetics (1991), p. 16. The alleles in claim 2 are "strictly 
neutral" because they encode identical proteins, and make no difference to 
phenotype. See, Rieger et al., p. 1 7. Although the standard definition refers 
to genomic sequences and the claims are directed to DNAs, a reasonable 
interpretation is that the claim is directed to DNAs that include naturally 
occurring mutational site(s). 

The specification discloses only one allele within the scope of the 
genus: SEQ ID NO: 1. The specification proposes to discover other 
members of the genus by using a hybridization procedure. There is no 
description of the mutational sites that exist in nature, and there is no 
description of how the structure of SEQ ID NO: 1 relates to the structure of 
any strictly neutral alleles. The general knowledge in the art concerning 
alleles does not provide any indication of how the structure of one allele is 
representative of unknown alleles. The nature of alleles is that they are 
variant structures, and in the present state of the art the structure of one does 
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not provide guidance to the structure of others. The common attributes of 
the genus are not described. One of skill in the art would conclude that 
applicant was not in possession of the claimed genus because a description 
of only one member of this genus is not representative of the variants of the 
genus and is insufficient to support the claim. 

Claim 3: 

Claim 3 is drawn to the genus including all DNA alleles of SEQ ID 
NO: 1 . The specification does not provide any particular definition for the 
term allele. In this circumstance, the meaning of the term is the ordinary 
usage in the art. The ordinary meaning of the term allele is one of two or 
more alternate forms of a gene occupying the same locus in a particular 
chromosome or linkage structure and differing from other alleles of the locus 
at one or more mutational sites. See, Rieger et al., Glossary of Genetics 
(1991), p. 16. The Rieger reference discloses that there are at least seven 
different kinds of allele in addition to the "strictly neutral" type discussed 
above for Claim 2. See, Rieger; pp. 16-17 (amorphs, hypomorphs, 
hypermorphs, antimorphs, neomorphs, isoalleles, and unstable alleles). The 
alleles are distinguished by the effect their different structures have on 
phenotype. According to Rieger, alleles may differ functionally according 
to their distinct structures. For example, they may differ in the amount of 
biological activity the protein product may have, may differ in the amount of 
protein produced, and may even differ in the kind of activity the protein 
product will have. 

The specification discloses only one allele within the scope of the 
genus: SEQ ID NO: 1 . The specification proposes to discover other 
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members of the genus by using a hybridization procedure. There is no 
description of the mutational sites that exist in nature, and there is no 
description of how the structure of SEQ ID NO: 1 relates to the structure of 
different alleles. In addition, according to the standard definition, the genus 
includes members that would be expected to have widely divergent 
functional properties. The general knowledge in the art concerning alleles 
does not provide any indication of how the structure of one allele is 
representative of other unknown alleles having concordant or discordant 
functions. The common attributes of the genus are not described and the 
identifying attributes of individual alleles, other than SEQ ID NO: 1, are not 
described. The nature of alleles is that they are variant structures where the 
structure and function of one does not provide guidance to the structure and 
function of others. According to these facts, one of skill in the art would 
conclude that applicant was not in possession of the claimed genus because a 
description of only one member of this genus is not representative of the 
variants of the genus and is insufficient to support the claim. 

Conclusions: 

Claim 1: 

Claim 1 should not be rejected under the written description 
requirement. 

Claim 2: 

Claim 2 should be rejected under the written description requirement. 
An analysis similar to the one set forth above could be used. Since the 
Office has the burden of presenting evidence to support its position, see 
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MPEP 2163.04, a reference should be relied on as authority for the Office's 
interpretation of the claim term "allele." 

Claim 3: 

Claim 3 should be rejected under the written description requirement. 
An analysis similar to the one set forth above could be used. Since the 
Office has the burden of presenting evidence to support its position, see 
MPEP 2163.04, a reference should be relied on as authority for the Office's 
interpretation of the claim term "allele." 

For the rejections of claims 2 and 3, the Office interpretation of 
"allele" should be supported by a reference, rather than by taking "notice," 
because the interpretation is the principle evidence supporting the rejection. 
See MPEP 2144.03 (For further views on official notice, see In re Ahlert, 
424 F.2d 1088, 1091 165 USPQ 418, 420 - 421 (CCPA 1970) ("[Assertions 
of technical facts in areas of esoteric technology must always be supported 
by citation of some reference work" and "allegations concerning specific 
'knowledge' of the prior art, which might be peculiar to a particular art 
should also be supported." Furthermore the applicant must be given the 
opportunity to challenge the correctness of such assertions and allegations. 
"The facts so noticed serve to Till the gaps' which might exist in the 
evidentiary showing" and should not comprise the principle evidence upon 
which a rejection is based.); see also, In re Ban, 444 F.2d 588, 170 USPQ 
330 (CCPA 1971) (scientific journal references were not used as a basis for 
taking judicial notice that controverted phrases were art - recognized 
because the court was not sure that the meaning of the term at issue was 
indisputable among reasonable men); In re Eynde, 480 F.2d 470, 178 USPQ 
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470,474 (CCPA 1973) ("The facts constituting the state of the art are 
normally subject to the possibility of rational disagreement among 
reasonable men and are not amenable to the taking of [judicial] notice.").) 
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Example 12: Bioinformatics 

Specification: The specification discloses a process for identifying and 
selecting biological compounds that are present in a biological system in a 
tissue specific manner. In the disclosed process the expression level of a set 
of compounds is quantitatively determined in multiple tissues within an 
organism. The expression level data is then graphically displayed in such a 
manner that compounds that are differentially expressed are easily 
identified. An artisan interested in identifying a compound that is expressed 
at a high level in one tissue and at a different level in a second tissue may 
easily select compounds that are expressed in a tissue specific manner based 
on the displayed information. The specification indicates that the 
compounds to be detected encompass DNA, RNA and proteins as well as 
metabolites. The specification does not provide any particular examples, bu 
discloses that the expression levels can be determined by any analytical 
method consistent with the class of compounds being detected. This type of 
measurement requires actual physical steps. 

Claim: 

A computer-implemented method of selecting tissue specific compounds, 
said method comprising the steps of: 

(a) analyzing the expression level of compounds in a first and second tissue 
and obtaining expression level data for each of said compounds; 

(b) inputting the expression level data obtained in step a) into a computer; 
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(c) displaying a first axis corresponding to the expression level of each of 
said compounds in said first tissue; 

(d) displaying a second axis substantially perpendicular to said first axis, said 
second axis corresponding to the expression level data of each of said 
compound in said second sample 

(e) displaying a mark at a position, wherein said position is selected relative 
to said first axis in accordance with an expression level of each of said 
compound in said first sample and relative to said second axis in 
accordance with the expression of said compound in said second sample; 
and 

(f) selecting a compound of interest based on the position of the mark. 
Analysis: 

A review of the full content of the specification indicates that 
obtaining, inputting, and displaying the expression level of compounds is 
essential to the operation of the claimed invention. 

A search of the prior art indicates that obtaining the expression level 
data of compounds is conventional in the art, and that data display devices 
and associated support algorithms are well known in the art. 

A review of the claim indicates that the claim is drawn to a generic 
environment for the display of compounds in a tissue specific manner. 

Since there is no species claimed or disclosed, the claim is analyzed as 
a claim drawn to a single embodiment. There is no actual reduction to 
practice of the claimed invention, or clear depiction of the claimed invention 
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in detailed drawings. However, reading the specification in light of the 
knowledge and level of skill in the art, the specification discloses the 
complete steps of the claimed process. See In re Haves Microcomputer 
Products Inc. Patent Litigation. 982 F2d. 1527, 1534-35, 25 USPQ2d 1241, 
1246 (Fed. Cir. 1992), where the court stated, 

One skilled in the art would know how to program a microprocessor 
to perform the necessary steps desired in the specification. Thus, an 
inventor is not required to describe every detail of his invention. An 
applicant's disclosure obligation varies according to the art to which 
the invention pertains. 

In this fact situation, the art is sufficiently developed so as to put one of skill 
in the art in possession of the complete steps of the process. In other words, 
one skilled in the relevant art would understand what is intended by the 
claimed invention and know how to carry it out. 

Conclusion: There is adequate written description for what is claimed. 
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Example 13: Protein Variant 



Specification: The specification describes a protein isolated from liver. A 
working example shows that the isolated protein was sequenced and 
determined to consist of SEQ ID NO: 3. The isolated protein was 
additionally characterized as being 65 kD in molecular weight and having 
tumor necrosis activity. The specification states that the invention provides 
variants of SEQ ID NO: 3 having one or more amino acid substitutions, 
deletions, insertions and/or additions. No further description of the variants 
is provided. The specification indicates that procedures for making proteins 
with substitutions, deletions, insertions and/or additions are routine in the 
art. The specification does not define when a protein ceases to be a variant 
of SEQ ID NO: 3. 

Claims: 

1 . An isolated protein having SEQ ID NO: 3. 

2. An isolated variant of the protein of claim 1 . 
Analysis: 

Claim 1: 

A search of the prior art indicates that SEQ ID NO: 3 is novel and 
nonobvious. The claim is directed to a genus of proteins that comprise SEQ 
ID NO: 3. One member of the genus, SEQ ID NO: 3, is described by a 
complete structure. 
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There is relatively little variation among the species within the genus 
because each member of the genus shares SEQ ID NO: 3 as a necessary 
common feature. The single disclosed example is representative of the 
claimed genus because taken in view of the general knowledge in the art, the 
disclosure is sufficient to show that one of skill in the art would conclude 
that applicant was in possession of the claimed genus. 

Claim 2: 

This is a genus claim. According to the specification, the term variant 
means a protein having one or more amino acid substitutions, deletions, 
insertions and/or additions made to SEQ ID NO: 3. The specification and 
claim do not indicate what distinguishing attributes shared by the members 
of the genus. The specification and claim do not place any limit on the 
number of amino acid substitutions, deletions, insertions and/or additions 
that may be made to SEQ ID NO: 3. Thus, the scope of the claim includes 
numerous structural variants, and the genus is highly variant because a 
significant number of structural differences between genus members is 
permitted. Although the specification states that these types of changes are 
routinely done in the art, the specification and claim do not provide any 
guidance as to what changes should be made. Structural features that could 
distinguish compounds in the genus from others in the protein class are 
missing from the disclosure. No common structural attributes identify the 
members of the genus. The general knowledge and level of skill in the art 
do not supplement the omitted description because specific, not general, 
guidance is what is needed. Since the disclosure fails to describe the 
common attributes or characteristics that identify members of the genus, and 
because the genus is highly variant, SEQ ID NO: 3 alone is insufficient to 



51 



describe the genus. One of skill in the art would reasonably conclude that 
the disclosure fails to provide a representative number of species to describe 
the genus. Thus, applicant was not in possession of the claimed genus. 

Conclusions: 

Claim 1: 

The claimed subject matter is adequately described. A rejection under 
the written description requirement should not be entered. 

Claim 2: 

The claimed subject matter is not supported by an adequate written 
description because a representative number of species have not been 
described. A rejection under the written description requirement, relying on 
the analysis set out above, should be entered. 
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Example 14: Product by Function 

Specification: The specification exemplifies a protein isolated from liver 
that catalyzes the reaction of A — ► B. The isolated protein was sequenced 
and was determined to have the sequence as set forth in SEQ ID NO: 3. The 
specification also contemplates but does not exemplify variants of the 
protein wherein the variant can have any or all of the following: 
substitutions, deletions, insertions and additions. The specification indicates 
that procedures for making proteins with substitutions, deletions, insertions 
and additions is routine in the art and provides an assay for detecting the 
catalytic activity of the protein. 

Claim: 

A protein having SEQ ID NO: 3 and variants thereof that are at least 95% 
identical to SEQ ID NO: 3 and catalyze the reaction of A ► B. 

Analysis: 

A review of the full content of the specification indicates that a 
protein having SEQ ID NO: 3 or variants having 95% identity to SEQ ID 
NO: 3 and having catalytic activity are essential to the operation of the 
claimed invention. The procedures for making variants of SEQ ID NO: 3 
are conventional in the art and an assay is described which will identify 
other proteins having the claimed catalytic activity. Moreover, procedures 
for making variants of SEQ ID NO: 3 which have 95% identity to SEQ ID 
NO: 3 and retain its activity are conventional in the art. 
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A review of the claim indicates that variants of SEQ ID NO: 3 include 
but are not limited to those variants of SEQ ID NO: 3 with substitutions, 
deletions, insertions and additions; but all variants must possess the specified 
catalytic activity and must have at least 95% identity to the SEQ ID NO: 3. 
Additionally, the claim is drawn to a protein which comprises SEQ ID NO: 
3 or a variant thereof that has 95% identity to SEQ ID NO: 3. In other 
words, the protein claimed may be larger than SEQ ID NO: 3 or its variant 
with 95% identity to SEQ ID NO: 3. It should be noted that "having" is 
open language, equivalent to "comprising". 

The claim has two different generic embodiments, the first being a 
protein which comprises SEQ ID NO: 3 and the second being variants of 
SEQ ID NO: 3. There is a single species disclosed, that species being SEQ 
ID NO: 3. 

A search of the prior art indicates that SEQ ID NO: 3 is novel and 
unobvious. 

There is actual reduction to practice of the single disclosed species. 
The specification indicates that the genus of proteins that must be variants of 
SEQ ID NO: 3 does not have substantial variation since all of the variants 
must possess the specified catalytic activity and must have at least 95% 
identity to the reference sequence, SEQ ID NO: 3. The single species 
disclosed is representative of the genus because all members have at least 
95% structural identity with the reference compound and because of the 
presence of an assay which applicant provided for identifying all of the at 
least 95% identical variants of SEQ ID NO: 3 which are capable of the 
specified catalytic activity. One of skill in the art would conclude that 
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applicant was in possession of the necessary common attributes possessed 
by the members of the genus. 

Conclusion: The disclosure meets the requirements of 35 USC §112 first 
paragraph as providing adequate written description for the claimed 
invention. 



55 



Example 15: Antisense 



Specification: The specification discloses a messenger RNA sequence, SEQ 
ID NO: 1, which encodes human growth hormone. The specification states 
that the invention includes antisense molecules that inhibit the production of 
human growth hormone. The specification describes an art-recognized 
method of screening for antisense molecules that is called "gene walking." 
Gene walking is said to involve obtaining antisense oligonucleotides that are 
complementary to the target sequence. 

Claim: 

An antisense oligonucleotide complementary to a messenger RNA having 
SEQ ID NO: 1 and encoding human growth hormone, wherein said 
oligonucleotide inhibits the production of human growth hormone. 

Analysis: 

A review of the full content of the specification indicates that the 
complement of SEQ ID NO: 1 is essential to the operation of the claimed 
invention. The general knowledge in the art is that any full-length 
complement of a target mRNA inhibits the function of the mRNA and is 
therefore an antisense oligonucleotide. Thus, one of skill in the art would 
view applicant's disclosure of a coding sequence, with the statement that the 
invention includes antisense oligonucleotides, as an implicit disclosure that 
the full-length complement of SEQ ID NO: 1 is an antisense 
oligonucleotide. 
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It is generally accepted in the art that oligonucleotides complementary 
to a messenger RNA, including fragments of the full-length complement, 
have antisense activity when they match accessible regions on the target 
mRNA. Generally, the closer the complementary fragment is to full length, 
the greater the likelihood it will have antisense activity. In addition, oligos 
that retain complementarity to the Shine-Delgarno sequence usually have 
antisense activity. 

The claim is drawn to the genus of antisense molecules that inhibit the 
production of human growth hormone encoded by SEQ ID NO: 1 . There is 
a single species described with a complete structure, i.e., the full-length 
complement of SEQ ID NO: 1 . In addition to the full-length complement, 
the genus includes fragments of the complement that retain antisense 
activity. 

The procedures for making oligonucleotide fragments of the SEQ ID 
NO: 1 complement are conventional, e.g., any specified fragment can be 
ordered from a commercial synthesizing service. The procedures for 
screening for antisense activity are also conventional, and the specification 
describes the assay needed to do gene walking. The experience accumulated 
in the art with gene walking is that numerous regions of a target are 
accessible, that these regions are identified routinely, and that antisense 
oligonucleotides are complementary to these accessible regions. The full- 
length complement and longer fragments match multiple accessible regions; 
shorter fragments match fewer accessible regions. 

When considering the distinguishing characteristics of the claimed 
invention, the sequence provided in the specification defines and limits the 
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structure of any effective antisense molecules. The specification also 
teaches the functional characteristics of the claimed invention as well as a 
routine art recognized method of making and screening for the claimed 
invention. Considering the specification's disclosure of: 

(1) the sequence (SEQ ID NO: 1) which defines and limits the 
structure of any effective antisense molecules such that one skilled in the art 
would be able to immediately envisage members of the genus embraced by 
the claim, and 

(2) the functional characteristics of the claimed invention as well as a 
routine art-recognized method of screening for antisense molecules which 
provide further distinguishing characteristics of the claimed invention, along 
with 

(3) the general level of knowledge and skill in the art, 

one skilled in the art would conclude that applicant was in possession of the 
invention. 

Conclusion: The claimed invention is adequately described. 
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Example 16: Antibodies 



Specification: The specification teaches that antigen X has been isolated 
and is useful for detection of HIV infections. The specification teaches 
antigen X as purified by gel filtration and provides characterization of the 
antigen as having a molecular weight of 55 KD. The specification also 
provides a clear protocol by which antigen X was isolated. The specification 
contemplates but does not teach in an example antibodies which specifically 
bind to antigen X and asserts that these antibodies can be used in 
immunoassays to detect HIV. The general knowledge in the art is such that 
antibodies are structurally well characterized. It is well known that all 
mammals produce antibodies and they exist in five isotypes, IgM, IgG, IgD, 
IgA and IgE. Antibodies contain an effector portion which is the constant 
region and a variable region that contains the antigen binding sites in the 
form of complementarity determining regions and the framework regions. 
The sequences of constant regions as well as the variable regions subgroups 
(framework regions) from a variety of species are known and published in 
the art. It is also well known that antibodies can be made against virtually 
any protein. 

Claim: An isolated antibody capable of binding to antigen X. 
Analysis: 

A review of the full content of the specification indicates that 
antibodies which bind to antigen X are essential to the operation of the 
claimed invention. The level of skill and knowledge in the art of antibodies 
at the time of filing was such that production of antibodies against a well- 
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characterized antigen was conventional. This is a mature technology where 
the level of skill is high and advanced. 

The claim is directed to any antibody which is capable of binding to 
antigen X. 

A search of the prior art indicates that antigen X is novel and 
unobvious. 

Considering the routine art-recognized method of making antibodies 
to fully characterized antigens, the well defined structural characteristics for 
the five classes of antibody, the functional characteristics of antibody 
binding, and the fact that the antibody technology is well developed and 
mature, one of skill in the art would have recognized that the spectrum of 
antibodies which bind to antigen X were implicitly disclosed as a result of 
the isolation of antigen X. 

Conclusion: The disclosure meets the requirement under 35 USC 112 first 
paragraph as providing an adequate written description of the claimed 
invention. 
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Example 17: Genus-species with widely varying species 



Specification: The specification discloses the rat cDNA sequences for 
proinsulin and pre-proinsulin and a method for determining the 
corresponding human and other mammalian insulin cDNA sequences. 
However, the specification does not disclose any actual cDNA sequence 
other than the rat proinsulin and pre-proinsulin sequence. The specification 
discloses that one human proinsulin amino acid (but not cDNA) sequence 
was known at the time of filing. The art recognized that the sequence of 
human insulin proteins, and therefore also cDNAs, would probably vary 
among individuals. The specification also discloses that pre-proinsulin is 
post translationally modified to form proinsulin, and that proinsulin is 
cleaved to form insulin. 

Claims: 

Claim 1 . An isolated mammalian cDNA encoding insulin. 

Claim 2. The isolated cDNA of claim 1 wherein the mammalian cDNA is 
human. 

Analysis: The examiner should analyze claim 2 first because it is drawn to 
a subgenus of the genus of claim 1 . 
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Claim 2: 



A review of the full content of the specification indicates that human 
cDNA molecules that encode insulin are essential to the operation/function 
of the invention. 

Claim 2 is directed to a genus of human cDNA which encodes insulin. 

There is no species of human insulin cDNA disclosed. 

Based upon art published after applicant's filing date there is expected 
to be variation among the species of cDNA which encode human insulin 
because the sequence of human insulin proteins, and therefore also human 
insulin cDNAs, would be expected to vary among individuals. 

The specification discloses only the sequence of a single human 
proinsulin protein, and does not disclose any human cDNA sequence at all. 

In addition, there is no evidence on the record of a relationship 
between the structure of rat insulin cDNA and the structure of insulin 
cDNAs from humans or other mammals that would provide any reliable 
information about the structure of other insulin cDNAs on the basis of the rat 
insulin cDNA. 

There is no evidence on the record that the disclosed rat cDNA 
proinsulin sequence had a known structural relationship to the human cDNA 
sequence, or to other mammalian cDNA sequences; the specification 
discloses only a single human proinsulin (protein) sequence; the art 
indicated that human proinsulin proteins were expected to be variable in 
structure; and there is expected to be variation among human cDNAs that 
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encode a given human proinsulin. In view of the these considerations, a 
person of skill in the art would not have viewed the teachings of the 
specification as sufficient to show that the applicant was in possession of the 
claimed human cDNA. 

Claim 1: 

Claim 1 is directed to a genus of mammalian cDNAs which encode 
insulin. The specification evidences actual reduction to practice of the rat 
cDNA sequences for proinsulin and preproinsulin, but does not disclose any 
other cDNA sequences. The art indicates that there is likely to be substantial 
variation among the species within the genus of cDNAs that encode 
mammalian insulins because the sequences of the mammalian insulin 
proteins, and therefore the mammalian cDNAs, would be expected to vary 
among species. 

The specification discloses a method for determining the 
corresponding human and other mammalian insulin cDNA sequences as well 
as the function of the claimed sequences. However, neither the specification 
nor the general knowledge of those skilled in the art provide evidence of any 
partial structure which would be expected to be common to the members of 
the genus. Moreover, there is post filing date evidence that indicates that 
there is a lack of a structural relationship between the rat insulin cDNA 
sequences and other mammalian insulin cDNA sequences. In view of the 
above considerations one of skill in the art would not recognize that 
applicant was in possession of the necessary common features or attributes 
possessed by members of the genus, because rat cDNA sequences are not 
representative of the claimed genus. Consequently, since applicant was in 
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possession only of the rat insulin cDNA and since the art recognized 
variation among the species of the genus of cDNAs that encode mammalian 
insulin, the rat insulin cDNA was not representative of the claimed genus. 
Therefore, the applicant was not in possession of the genus of mammalian 
insulin cDNAs as encompassed by claim 1 . 

Conclusion: 

Claims 1 and 2 do not meet the written description requirement. 
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Example 18: Process claim where the novelty is in the method steps. 

Specification: The specification teaches a method for producing proteins 
using mitochondria from the fungus Neurospora crassa. In the method, 
mitochondria are isolated from this fungus and transformed with a 
mitochondrial expression vector which comprises a nucleic acid encoding a 
protein of interest. The protein is subsequently expressed, the mitochondria 
is lysed, and the protein is isolated. The specification exemplifies the 
expression of p-galactosidase using the claimed method using a cytochrome 
oxidase promoter. 

Claim: 

1 . A method of producing a protein of interest comprising; 
obtaining Neurospora crassa mitochondria, 

transforming said mitochondria with a expression vector comprising a 
nucleic acid that encodes said protein of interest, 

expressing said protein in said mitochondria, and 

recovering said protein of interest. 

Analysis: 

A review of the specification reveals that Neurospora crassa 
mitochondrial gene expression is essential to the function/operation of the 
claimed invention. A particular nucleic acid is not essential to the claimed 
invention. 

A search of the prior art reveals that the claimed method of expression 
in Neurospora crassa is novel and unobvious. 
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The claim is drawn to a genus, i.e., any of a variety of methods that 
can be used for expressing protein in the mitochondria. 

There is actual reduction to practice of a single embodiment, i.e., the 
expression of P-galactosidase. 

The art indicates that there is no substantial variation within the genus 
because there are a limited number of ways to practice the process steps of 
the claimed invention. 

The single embodiment is representative of the genus based on the 
disclosure of Neurospora crassa mitochondria as a gene expression system, 
considered along with the level of skill and knowledge in the gene 
expression art. One of skill in the art would recognize that applicant was in 
possession of all of the various expression methods necessary to practice the 
claimed invention. 

Conclusion: 

The claimed invention is adequately described. 
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IDENTIFICATION OF cDNA CLONES OF INTEREST 
Methods of Screening 

There are three methods to screen cDNA libraries for clones of interest: 

• Nucleic acid hybridization 

• Immunological detection of specific antigens 

• Sib selection either by hybrid selection and translation of mRNA or by 
production of biologically active molecules 

Most cloning projects today are aimed at isolating cDNAs corresponding to 
rare mRNAs and therefore require screening of large numbers of recombinant 
clones. This can be carried out effectively with only two types of reagents: 
antibodies and nucleic acid probes. In those rare instances when both types 
of reagents are available, nucleic acid probes are preferred because they can 
be used under a variety of different stringencies that minimize the chance of 
undesirable cross-reactions. Furthermore, nucleic acid probes will detect all 
clones that contain cDNA sequences, whereas antibodies will react only with 
a subset of these clones (in some cases one in six at best) in which the cDNA 
has been inserted into the vector in the correct reading frame and orienta- 
tion. cDNA libraries that are to be screened by antibodies therefore need to 
be larger (by a factor of at least 6) than those that are to be screened by 
nucleic acid probes. Consequently, when using antibody probes to search for 
a cDNA clone corresponding to a mammalian mRNA present at the level of 1 
molecule/cell or less, it is desirable to construct cDNA expression libraries 
that contain in excess of 10 7 members. This is not easy, especially when the 
amounts of mRNA are limited. Furthermore, screening a library of this size 
is expensive and laborious, and it becomes worthwhile to explore methods to 
enrich the mRNA (or cDNA derived from it) for the sequences of interest (see 
pages 8.6-8.10). 

NUCLEIC ACID HYBRIDIZATION 

This is the most commonly used and reliable method of screening cDNA 
libraries for clones of interest. None of the other methods displays such an 
abundance of attractive features. Screening by nucleic acid hybridization 
allows extremely large numbers of clones to be analyzed simultaneously and 
rapidly, does not require that the cDNA clones be full-length, and does not 
require that an antigenically or biologically active product be synthesized in 
the host cell. Furthermore, as a result of more than 20 years of work, the 
theoretical basis of nucleic acid hybridization is well-understood. This has led 
to the development of a large number of different techniques that can 
accommodate nucleic acid probes of very different lengths and specificities. 
Details of the methods for the preparation and use of these probes are 
presented in Chapters 10 and 11. 

Homologous probes 

Homologous probes contain at least part of the exact nucleic acid sequence of 
the desired cDNA clone. They are used in a variety of circumstances, for 
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example when a partial clone of an existing cDNA is used to isolate a 
MHengk clone from a cDNA library. Usually, a fragment derived from one 
end or the other of the existing clone is isolated, radiolabeled m vitro and 
used to probe a library. Hybridization with homologous probes is always 
carried out under stringent conditions. 

Partially homologous probes 

Partially homologous probes are used to detect cDNA clones that are related 
but not identical to the probe sequences. If neither antibody nor nucleic acid 
probes are available, a number of alternative strategies can be consider^ 
For example, if the same gene has already been cloned from another species 
or if a related gene has been cloned from the same species, it would be 
worthwhile carrying out a series of trial experiments to determine whether 
ThereTs sufficienVconservation of nucleic acid sequence to allow the screening 
of a cDNA library by hybridization. ^'^'^J^J aon f i ^^ 
performing a series of Southern and northern hybridizations at different 
ESS s. For example, a large batch (50 M ) of genomic DNA is cleaved 
with a restriction enzyme that cleaves the probe sequence at one or two 
well-separated sites. It is a good idea to digest an equal amount of genomic 
DNA of the original species for use as a positive control. Ahquots (5-10 fig) 
of the digests are then applied to adjacent slots of a 0.8% agarose gel 
electrophoresis is carried out, and the fragments are then transfe rred to a 
nitrocellulose filter as described in Chapter 9, pages 9.34-9.41. The filter is 
cTinto strips, each of which is hybridized under different ^ eontons to 
identical amounts of radioactive probe. For aqueous hyb "*^J^ «J£ 
strength of the solution is kept constant (usually 1 
temperature of annealing is progressively lowered (from 68 1 C to 42 C l The 
strips are then washed extensively at the temperature of hybridization witii a 
solution containing 2 x SSC,0.5%SDS. When hybridization is earned out in 
solvents containing formamide, the temperature and ionic strength are 
SSy kept constat (42°C and 6 x SSC [or 6 x SSPE], respectively) wMe 
the amoJt of formamide in the annealing buffer is ?™f™™\ 1 ™*™* 
from 50% to 0%. The strips are then washed extensively at 50 C in 6 x bbU 
0 5% SDS. A similar series of hybridizations can be carried out with mRNA 
preparations that have been fractionated by electrophoresis and transferred 
to a solid support. In both cases, the aim is to estabhsh conditions tfcat wfil 
allow the previously cloned gene to be used as a probe for the cDNA of 
interest, without undue interference from background hybridization. 

Total cDNA probes 

Total cDNA probes are prepared by uniform mcorporation of radiolabeled 
nucleotides with reverse transcriptase or end-labeling of total or fractionated 
polv(A) + mRNA They can be used to screen libraries of cDNA for specific 
clones if the cDNA clones of interest correspond to mRNA species present in 
the initial population at a frequency of at least 1 in 200 (see Gergen et al. 
U79?Sro3dn and Dawid 1980). It is not possible to detect cDNA clones 
homologous to species that are represented rarely in the mRNA preparation. 
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Subtracted cDNA probes 

Subtracted cDNA probes are often used to probe cDNA libraries for clones 
that correspond to mRNAs that are differentially regulated. A cDNA probe 
prepared from one type of mRNA is depleted of sequences that are present in 
a second type of mRNA by subtractive hybridization (Timberlake 1980; 
Zimmerman et al. 1980). Typically, the cDNA is hybridized two or three 
times in succession to a 20-fold excess of the second mRNA, and the 
cDNArmRNA hybrids are removed by chromatography on hydroxyapatite. 
The unhybridized cDNA is then annealed to a 100-fold excess of the mRNA 
preparation from which it was originally synthesized, and the resulting 
cDNArmRNA hybrids are this time recovered by chromatography on hydroxy- 
apatite. After the mRNA is removed by alkaline hydrolysis, the cDNA, which 
is highly enriched for sequences specific to the original mRNA, is used to 
probe a cDNA library for clones homologous to these sequences. 

Subtracted cDNA probes are particularly valuable when there are very few 
differences between the two starting mRNA preparations, i.e., when most 
species of mRNA are represented equally in the two preparations and a small 
proportion (<2%) of the mRNAs are not present at all in one preparation. 
cDNAs that have been cloned using subtracted cDNA probes include the 
murine J immunoglobulin chain (Mather et al. 1981) and the murine T-cell 
receptor (Hedrick et al. 1984). 

A slightly different approach is used when two preparations of mRNA 
share sequences that are present at different concentrations. Examples of 
such sib pairs might be mRNAs extracted from control cells and cells that 
have been exposed to heat shock, drugs, or hormones. cDNAs corresponding 
to mRNAs whose expression is altered by such treatments can often be 
detected by differential hybridization. 32 P-labeled first-strand cDNAs are 
synthesized in vitro using both mRNAs as templates. Most of the cDNA 
sequences correspond to mRNAs whose concentrations are not appreciably 
changed by the treatment to which the cells were exposed. However, a 
minority of the cDNAs will be copied from mRNAs whose concentrations are 
significantly increased or decreased. The two cDNA probes are then used to 
screen replicas of a cDNA library constructed from mRNA extracted from 
control cells (when searching for mRNAs that are repressed) or treated cells 
(when searching for mRNAs that are induced). The clones that hybridize 
preferentially to one of the cDNA probes are chosen for further analysis. 
Among the many examples of genes cloned in this way are the galactose- 
inducible genes of yeast (St. John and Davis 1979), human fibroblast inter- 
feron (Taniguchi et al. 1980), the glucose-regulated proteins of mammalian 
cells (Lee et al. 1981), growth-related proteins (Foster et al. 1982; Cochran et 
al. 1983; Linzer and Nathans 1983), differentiation-specific proteins (Spiegel- 
man et al. 1983), and a variety of heat-shock proteins and stress proteins 
(see, e.g., Mason et al. 1986). The procedure has also been used to identify 
cDNA clones of developmentally regulated mRNAs from organisms of many 
different species including Xenopus (Williams and Lloyd 1979; Weeks et al. 
1985), Dictyostelium (Rowekamp and Firtel 1980; Mehdy et al. 1983), sea 
urchins (Lasky et al. 1980), and mice (Gorman et al. 1985). 
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Synthetic oligonucleotide probes 

Synthetic oligonucleotide probes are tracts of dNTPs of defined sequence that 
have been synthesized in vitro. The sequence of these probes is deduced, 
using the genetic code, from short regions of the known amino acid sequence 
of the protein of interest. Because of the degeneracy of the genetic code, it is 
very unlikely that a given sequence of amino acids will be specified by a 
predictable single oligonucleotide of defined sequence. Instead, in the vast 
majority of cases, the same sequence of amino acids can be specified by many 
different oligonucleotides. There is no way to know with certainty which of 
these oligonucleotides is actually used in the gene of interest. Three 
solutions have been found to this problem: 

1. A family of oligonucleotides can be synthesized containing all possible 
sequences that can code for a given sequence of amino acids. The number 
of members in this family depends on the degree of degeneracy of the 
codons for the particular amino acids. However, since all possible oligonu- 
cleotide sequences are represented, at least one of the members will match 
perfectly with the cDNA clone of interest. To keep the size of each family 
within manageable proportions, short oligonucleotides (14-17 nucleotides) 
are generally used — the minimum size that is practical for hybridization. 
Often, more than one family of oligonucleotides is synthesized based on 
separate sequences of amino acids. 

2. A longer (40-60-base) oligonucleotide of unique sequence can be synthe- 
sized using the most commonly used codon for each amino acid. (Avoid 
using the dinucleotide CpG, since it is^ underrepresented in most 
eukaryotic DNAs.) Almost certainly, this oligonucleotide will not match 
exactly the sequence in the cDNA, but it will fit well enough to be detected 
by hybridization under nonstringent conditions. 

3. An oligonucleotide can be synthesized that contains a base such as inosine 
at positions of high potential degeneracy. Inosine can pair with all four 
conventional bases without seriously compromising the stability of the 
resulting hybrid. It is therefore possible to generate families of longer 
oligonucleotides that are reduced in number and yet are capable of 
hybridizing to virtually all cDNA clones that are likely to code for the 
protein of interest. 

Finally, if the protein sequence available is from the amino terminus of the 
protein, the cDNA library that is to be screened must be of high quality to 
ensure that most of the 5' terminus of the mRNA is represented. For a 
detailed discussion of synthetic oligonucleotide probes, see Chapter 11. 

IMMUNOLOGICAL DETECTION OF SPECIFIC ANTIGENS 

cDNA libraries constructed in expression vectors such as Agtll, Agtl8-23, 
AZAP, and AORF8 can be screened with antibody directed against the protein 
of interest (see Chapter 12 for experimental details). Nitrocellulose filters 
imprinted with the detritus of bacterial lysis are soaked in a solution 
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containing the antibody. After washing, the niter is incubated with Staphvlo- 
coccus aureus protein A or with a second antibody directed agatnft the 
ITe'thoT ^^sof^ ** antibody. In the original desertions 0 f 
the method, the secondary ligand was radiolabeled with 125 I Todav the 

TZ^l iS c r! ently linked t0 ** whose activity 4 be 

detected histochemically (e.g., alkaline phosphatase). 

The key to success with this method lies in the quality of the antibody It is 

essential that the antibody efficiently recognize the denatured protein U e 

should produce strong signals on western blots). Screening is made easier 

and more sensitive if, in addition, the antibody is derived from a polyclonal 

antiserum of high titer Because such antisera normally react with many 

frfr^f J ? 6 ChanC6S ° f det6Cting a cDNA clone that ^presses a 
fragment of the protein of interest are increased. Polyclonal antisera often 

o? thXT 88 " n aCt T !? tib0dieS that reCOgnize recombinant component 
tee C^Tm ^ bG rem ° Ved bef ° re SCreeniDg is ^dertaken 

an^l^T* ° f n T Pe °i fip bindmg i8 much lower when a monoclonal 
te Zit A f 38 V"^ H ° WeVer ' the number of recombinants that can 
1, 1 ,1 18 redU ? d ' b6CaUSe each indi vidual monoclonal antibody can 
react with only a single epitope. The ideal immunological probe might 
therefore consist of a cocktail of several different monoclonal antfbodie ™ach 
of which reacts strongly with denatured protein. 

SIB SELECTION OF cDNA CLONES 

Two methods of screening are based on the concept of dividing a large cDNA 
hbrary mto a manageable number of pools, each consisting of between 10 and 
100 clones These pools are then tested for the sequence of interest The 
lower complexity of each pool allows methods that are relatively insensitive 
to be applied to a complete cDNA library. After a pool is identified that 
scores positively, it is subdivided into successively smaller and smaller pools 
each of which is retested until the cDNA clone of interest is isolated The 
process of sib selection and analysis can sometimes be performed" more 
rapidly if during subdivision of the initial pool, the individual clones are 
assigned to their subpools in a matrix format (Wong et al 1985) This 
expands the number of subpools by a factor of 2 or 3, but it often leads 
directly to the identification of the clone of interest. 

Hybrid selection 

m^i m art h °dlS NA / l0neS uT 7 ^ S6qUenCeS C0 *P^entary to specific 
mKNAs are denatured, immobilized on a solid matrix, and hybridized to 

STSE?" -K^NA ^ are then heated t Tetease 

vste^r In tf " ^ in 3 Cell " free P^ein-synthesizing 

system or in Xenopus oocytes. The translation products are identified by 

^ P r~ ati0n and/ ° r ^-P^crylamide" gel 

c^I^K 0 ^^ iS U8Gd mainly to confirm the identification of cDNA 
t^SZ^jft^ H ° WeVer ' before the development of methods 
to SCreen cDNA llbranes with immunological or oligonucleotide probes, it was 
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also used occasionally for the primary isolation of cDNA clones. For example, 
Parnes et al. (1981), using DNA from pools that contained as many as 100 
individual cDNAs cloned in plasmids, were able to detect specific translation 
of an mRNA that represented approximately 0.03% of the total cellular 
mRNA. This entire procedure is labor-intensive and is worth attempting only 
as a last resort with mRNAs that can be greatly enriched by size selection 
and for which no other probes are available. 

Production of biologically active molecules 

A few groups have used sib selection and analysis to screen cDNA libraries 
for the production of biologically active protein molecules in cells. For 
example, in vitro assays have been used to identify cDNA clones that express 
the human lymphokines colony-stimulating factor and interleukin-3 in cul- 
tures of mammalian cells (Wong et al. 1985; Yang et al. 1986). This approach 
is usually undertaken when no other methods of screening are available and 
when the protein product is small enough to give reasonable assurance that 
the cDNA library will contain full-length clones. 

Methods to Validate Clones of cBNA 

cDNA libraries are usually plated at high density for screening with antibody 
or nucleic acid probes, and any clones that react positively in the first round 
require several additional cycles of plating and screening before they can be 
considered pure. However, the ability to react consistently with a particular 
probe, although an encouraging and necessary property, is not sufficient to 
prove that a given cDNA clone is derived from the mRNA of interest. The 
only absolute proof of identity is to show that the cDNA clone contains an 
open reading frame that codes for the entire amino acid sequence of the 
protein. Since this is clearly impractical for most proteins of current interest, 
other, less elemental tests must be used. In decreasing order of rigor, these 
include: 

• Expression from the full-length cDNA in prokaryotic or eukaryotic cells of a 
protein that displays the correct biological or enzymatic activity. 

• Correspondence between portions of the nucleotide sequence of the cDNA 
and the amino acid sequences of peptides derived from the purified protein. 

• Correspondence between the peptide maps of the polypeptide synthesized 
in vitro by transcripts of the cDNA clone and peptide maps of the authentic 
protein. 

• Immunoprecipitation of the polypeptide synthesized in vitro or in vivo from 
transcripts of the cDNA clone by antibodies raised against the protein of 
interest. The stringency of this test increases when it is carried out with a 
series of monoclonal antibodies that recognize different epitopes on the 
protein. 

• Immunoprecipitation of the authentic protein with antibodies raised 
against synthetic peptides whose sequences are determined by the nucleic 
acid sequence of the cloned cDNA. 
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If current estimates are correct, we shall move in the short span of 50 years 
fromThe discovery of the structure of DNA to the elucidation of the complete 
sequence of the human genome. Although this rapid rate of progress has 
r e rcatalyzed by many theoretical and technical advances, none has been so 
as the ability to construct libraries of eukaryotic genomic DNA. 
SriSXr devised as banks from which individual bacteria] [genes could be 
isolSed Ld analyzed (Clarke and Carbon 1976), genomic DNA libraries are 
now increasingly viewed as matrices that can be assembled into maps of the 
genome from which they were originally denved. 

The feasibility of using libraries in this way was established in the late 
l9 70s, when Maniatis et al. (1978) devised a strategy to generate and ^clone 
larze numbers of random fragments of mammalian genomic DNA. Before 
hel genomic libraries consisted of fragments of DNA obtained b, ^compkto 
digestion of genomic DNA with a restriction enzyme such as EcoB I ^ The 
S libraries of mammalian genomic DNA contained only subsets o this 
we population of fragments because it was necessary to enrich for the 
seauenceVof mterest due to the comparative inefficiency of packaging of 
TacShage A DNA. For example, Tilghman et al. (1977) constructed a 
So^&wnente of mouse DNA that had been enriched approximately 

versed-phase chromatography (Hardies and Wells 1976) The ™V™ e ™™ 
nHn vitro packaging systems (Hohn and Murray 1977; Sternberg et al. 1977) 
U&fd^^t of in situ hybridization techniques (Benton and Davis 
MlY soon allowed much larger libraries to be constructed 
ated populations of restriction fragments (Maniatis et a L 1978 SmiOaea _et 
a 1978), thus eliminating the need to enrich the starting IWA for the 
sLente of interest. The inherent limitations of genomic DNA libraries 
SS fiSn complete digests of genomic DNA with a restriction enzyme 
SSmL quickly became apparent. These Umitations include the 

following: 

. Because of their large size, libraries of complete digests are ^nousb^ 
to create and to screen. The average distance between EcoRl sites n the 
mammalian genome is approximately 4 kb BotoAan et al ■ «m 
complete digests therefore contain approximately 10 different mg™n« ot 
DNA. Consequently, a library constructed from rtiese fragments needs to 
contain almost 10 7 independent recombinants to have a reasonable chance 
of including a desired sequence. 

. If the sequence of interest contains one or more recognition sites for the 
particular" restriction enzyme, it will be cloned in two or more nmoverlap- 
S^wn* In libraries of complete restriction digests » « 
way to "walk" from one recombinant clone to another that contains the 
neighboring restriction fragment in the original genomic DNA. 

. Because of the quasi-random distribution of restriction sites in mammalian 
DNA the sequence of interest may by chance be located on a fragment of 
genomic DNA that is too large or too small for the vector to accept. 

The solution to these problems was to clone large pieces of DNA generated 
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either by mechanical shearing (Wensink et al. 1974; Clarke and Carbon 1976) 
or by partial digestion with restriction enzymes that cleave the target DNA 
frequently (Maniatis et al. 1978). Unfortunately, the efficiency of cloning 
sheared DNA was not sufficient to obtain representative libraries. Thus, 
virtually all of the libraries used to isolate single-copy genes were produced 
by partial digestion of genomic DNA with restriction enzymes. These DNA 
fragments were fractionated by density gradient centrifugation or prepara- 
tive gel electrophoresis to select those whose size was suitable for insertion 
into the vector (Maniatis et al. 1978). This method, which is used in an 
essentially unchanged form today, helps to ensure that there is no systematic 
exclusion of sequences from the cloned library merely because of an unfortu- 
nate distribution of restriction sites. The following advantages are gained by 
constructing libraries of randomly cleaved DNA: 

• The ability to "walk" along the eukaryotic chromosome in a way that is 
impossible with a library of nonoverlapping restriction fragments. Random 
cleavage of genomic DNA generates collections of overlapping fragments 
from each chromosome. Thus, a library of these fragments should consist of 
46 independent collections of overlapping clones. If the library contains no 
gaps, the clones forming an individual series will correspond to the entire 
DNA sequence of an individual chromosome. To. walk along a chromosome, 
a segment of nonrepetitive DNA derived from one end of a given recombi- 
nant is used as a probe to identify overlapping clones that, contain the 
adjacent sequence. This process can be repeated until clones have Tbeen 
identified that cover the entire region of interest. 

• The ability to isolate segments of DNA without knowledge of the location of 
restriction sites in and around the target sequences. 

• A reduction in the size of the library. Because the DNA fragments selected 
for cloning are large, the number of recombinants required to generate a 
mammalian genomic DNA library is significantly reduced. 

Note: The exact probability of having any given DNA sequence in the library can be 
calculated from the equation 



where P is the desired probability, f is the fractional proportion of the genome in a single 
recombinant, and N is the necessary number of recombinants (Clarke and Carbon 1976). 
For example, to achieve a 99% probability (P = 0.99) of having a given DNA sequence 
represented in a library of 17-kb fragments of a mammalian genome (3 x 10 9 bp) 



N = 



ln(l-P) 
ln<W) 



ln(l-0.99) 



= 8.1x10 s 
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an asserted utility, unless countervailing 
evidence can be provided that shows 
that one of ordinary skill in the art 
would have a legitimate basis to doubt 
the credibility of such a statement. 
Similarly, Office personnel must accept 
an opinion from a qualified expert that 
is based upon relevant facts whose 
accuracy is not being questioned; it is 
improper to disregard the opinion solely 
because of a disagreement over the 
significance or meaning of the facts 
offered. 

Once a prima facie showing of no 
specific and substantial credible utility 
has been properly established, the 
applicant bears the burden of rebutting 
it. The applicant can do this by 
amending the claims, by providing 
reasoning or arguments, or by providing 
evidence in the form of a declaration 
under 37 CFR 1.132 or a patent or a 
printed publication that rebuts the basis 
or logic of the prima facie showing. If 
the applicant responds to the prima 
facie rejection, the Office personnel 
should review the original disclosure, 
any evidence relied upon in establishing 
the prima facie showing, any claim 
amendments, and any new reasoning or 
evidence provided by the applicant in 
support of an asserted specific and 
substantial credible utility. It is essential 
for Office personnel to recognize, fully 
consider and respond to each 
substantive element of any response to 
a rejection based on lack of utility. Only 
where the totality of the record 
continues to show that the asserted 
utility is not specific, substantial, and 
credible should a rejection based on 
lack of utility be maintained. 

If the applicant satisfactorily rebuts a 
prima facie rejection based on lack of 
utility under § 101, withdraw the § 101 
rejection and the corresponding 
rejection imposed under § 112, first 
paragraph. 

Dated: December 29, 2000. 
Q. Todd Dickinson, 

Under Secretary of Commerce for Intellectual 
Property and Director of the United States 
Patent and Trademark Office. 
[FR Doc. 01-322 Filed 1-4-01; 8:45 am] 
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DEPARTMENT OF COMMERCE 

United States Patent and Trademark 
Office 

[Docket No. 991027288-0264-02] 
RIN 0651-AB10 

Guidelines for Examination of Patent 
Applications Under the 35 U.S.C. 112, 
1)1, "Written Description" Requirement 

AGENCY: United States Patent and 
Trademark Office, Commerce. 
ACTION: Notice. 

SUMMARY: These Guidelines will be used 
by USPTO personnel in their review of 
patent applications for compliance with 
the "written description" requirement 
of 35 U.S.C. 112, % 1. These Guidelines 
supersede the "Revised Interim 
Guidelines for Examination of Patent 
Applications Under the 35 U.S.C. 112, 
f 1 'Written Description' Requirement" 
that were published in the Federal 
Register at 64 FR 71427, Dec. 21, 1999, 
and in the Official Gazette at 1231 O.G. 
123, Feb. 29, 2000. These Guidelines 
reflect the current understanding of the 
USPTO regarding the written 
description requirement of 35 U.S.C. 
112, H 1, and are applicable to all 
technologies. 

DATES: The Guidelines are effective as of 
January 5, 2001. 

FOR FURTHER INFORMATION CONTACT: 

Stephen Walsh by telephone at (703) 
305-9035, by facsimile at (703) 305- 
9373, by mail to his attention addressed 
to United States Patent and Trademark 
Office, Box 8, Washington, DC 20231, or 
by electronic mail at 
"stephen.walsh@uspto.gov"; or Linda 
Therkorn by telephone at (703) 305- 
8800, by facsimile at (703) 305-8825, by 
mail addressed to Box Comments, 
Commissioner for Patents, Washington, 
DC 20231, or by electronic mail at 
"linda.therkorn@uspto.gov." 

SUPPLEMENTARY INFORMATION: As of the 

publication date of this notice, these 
Guidelines will be used by USPTO 
personnel in their review of patent 
applications for compliance with the 
"written description" requirement of 35 
U.S.C. 112, <I 1. Because these 
Guidelines only govern internal 
practices, they are exempt from notice 
and comment rulemaking under 5 
U.S.C. 553(b)(A). 

Discussion of Public Comments 

Comments were received from 48 
individuals and 18 organizations in 
response to the request for comments on 
the "Revised Interim Guidelines for 
Examination of Patent Applications 



Under the 35 U.S.C. 112, <I 1 'Written 
Description' Requirement" published in 
the Federal Register at 64 FR 71427, 
Dec. 21, 1999, and in the Official 
Gazette at 1231 O.G. 123, Feb. 29, 2000. 
The written comments have been 
carefully considered. 

Overview of Comments 

The majority of comments favored 
issuance of final written description 
guidelines with minor revisions. 
Comments pertaining to the written 
description guidelines are addressed in 
detail below. A few comments 
addressed particular concerns with 
respect to the associated examiner 
training materials that are available for 
public inspection at the USPTO web site 
(www.uspto.gov). Such comments will 
be taken under advisement in the 
revision of the training materials; 
consequently, these comments are not 
specifically addressed below as they do 
not impact the content of the 
"Guidelines. Several comments raised 
issues pertaining to the patentability of 
ESTs, genes, or genomic inventions with 
respect to subject matter eligibility (35 
U.S.C. 101), novelty (35 U.S.C. 102), or 
obviousness (35 U.S.C. 103). As these 
comments do not pertain to the written 
description requirement under 35 U.S.C. 
112, they have not been addressed. 
However, the aforementioned comments 
are fully addressed in the "Discussion of 
Public Comments" in the "Utility 
Examination Guidelines" Final Notice, 
which will be published at or about the 
same time as the present Guidelines. 

Responses to Specific Comments 

(1) Comment: One comment stated 
that the Guidelines instruct the patent 
examiner to determine the 
correspondence between what applicant 
has described as the essential 
identifying characteristic features of the 
invention and what applicant has 
claimed, and that such analysis will 
lead to error. According to the comment, 
the examiner may decide what 
applicant should have claimed and 
reject the claim for failure to claim what 
the examiner considers to be the 
invention. Another comment suggested 
that the Guidelines should clarify what 
is meant by "essential features of the 
invention." Another comment suggested 
that what applicant has identified as the 
"essential distinguishing 
characteristics" of the invention should 
be understood in terms of Fiers v. Revel 
984 F.2d 1164, 1169, 25 USPQ2d 1601, 
1605 (Fed. Cir. 1993) ("Conception of a 
substance claimed per se without 
reference to a process requires 
conception of its structure, name, 
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formula, or definitive chemical or 
physical properties."). 

Response: The suggestions have been 
adopted in part. The purpose of the 
written description analysis is to 
confirm that applicant had possession of 
what is claimed. The Guidelines have 
been modified to instruct the examiners 
to compare the scope of the invention 
claimed with the scope of what 
applicant has defined in the description 
of the invention. That is, the Guidelines 
instruct the examiner to look for 
consistency between a claim and what 
provides adequate factual support for 
the claim as judged by one of ordinary 
skill in the art from reading the 
corresponding written description. 

(2) Comment: Two comments urge 
that Regents of the University of 
California v. Eli Lilly & Co., 119 F.3d 
1559, 43 USPQ2d 1398 [Fed. Cir. 1997), 
is bad law and should not be followed 
by the USPTO because it conflicts with 
binding precedent, such as Vas-Cath v. 
Mahurkar, 935 F.2d 1555, 19 USPQ2d 
1111 (Fed. Cir. 1991). Response: The 
final Guidelines are based on the 
Office's current understanding of the 
law and are believed to be fully 
consistent with binding precedent of the 
U.S. Supreme Court and the U.S. Court 
of Appeals for the Federal Circuit. Eli 
Lilly is a precedential decision by the 
Court that has exclusive jurisdiction 
over appeals involving patent law. 
Accordingly, the USPTO must follow Eli 
Lilly. Furthermore, the USPTO does not 
view Eli Lilly as conflicting with Vas- 
Cath. Vas-Cath explains that the 
purpose of the written description 
requirement is to ensure that the 
applicant has conveyed to those of skill 
in the art that he or she was in 
possession of the claimed invention at 
the time of filing. Vas-Cath, 935 F.2d at 
1563-64, 19 USPQ2d at 1117. Eli Lilly 
explains that a chemical compound's 
name does not necessarily convey a 
written description of the named 
chemical compound, particularly when 
a genus of compounds is claimed. Eli 
Lilly 119 F.3d at 1568, 43 USPQ2d at 
1405. The name, if it does no more than 
distinguish the claimed genus from all 
others by function, does not satisfy the 
written description requirement because 
11 it does not define any structural 
features commonly possessed by 
members of the genus that distinguish 
them from others. One skilled in the art 
therefore cannot, as one can do with a 
fully described genus, visualize or 
recognize the identity of the members of 
the genus." Eli Lilly, 119 F.3d at 1568, 
43 USPQ2d at 1406. Thus, Eli Lilly 
identified a set of circumstances in 
which the words of the claim did not, 
without more, adequately convey to 



others that applicants had possession of 
what they claimed. 

(3) Comment: Several comments 
urged that the Guidelines do not 
recognize the inconsistency between the 
original claim doctrine and the written 
description requirement as set out in 
Fiers and Eli Lilly. On the other hand, 
another comment asserts that there is no 
strong presumption that an originally 
filed claim constitutes an adequate 
written description of the claimed 
subject matter. Several comments 
indicate that in haec verba support 
should be sufficient to comply with the 
written description requirement. Two 
comments urge that the concept of 
constructive reduction to practice upon 
filing of an application has been 
ignored. Response: As noted above, the 
USPTO does not find Fiers and Eli Lilly 
to be in conflict with binding precedent. 
An original claim may provide written 
description for itself, but it still must be 
an adequate written description which 
establishes that the inventor was in 
possession of the invention. The 
"original claim doctrine" is founded on 
cases which stand for the proposition 
that originally filed claims are part of 
the written description of an application 
as filed, and thus subject matter which 
is present only in originally filed claims 
need not find independent support in 
the specification. See, e.g., In re Koller, 
613 F.2d 819, 824, 204 USPQ 702, 706 
(CCPA 1980) (later added claims of 
similar scope and wording were 
adequately described by original 
claims); In re Gardner, 480 F.2d 879, 
880, 178 USPQ 149, 149 (CCPA 1973) 
("Under these circumstances, we 
consider the original claim in itself 
adequate 'written description' of the 
claimed invention. It was equally a 
'written description* * * * whether 
located among the original claims or in 
the descriptive part of the 
specification."). However, as noted in 
the preceding comment, Eli Lilly 
identified a set of circumstances in 
which the words of the claim did not, 
without more, adequately convey to 
others that applicants had possession of 
what they claimed. When the name of 
a novel chemical compound does not 
convey sufficient structural information 
about the compound to identify the 
compound, merely reciting the name is 
not enough to show that the inventor 
had possession of the compound at the 
time the name was written. The 
Guidelines indicate that there is a 
"strong presumption" that an adequate 
written description of the claimed 
invention is present when the 
application is filed, consistent with In re 
Wertheim, 541 F.2d 257, 263, 191 USPQ 



90, 97 (CCPA 1976) ("we are of the 
opinion that the PTO has the initial 
burden of presenting evidence or 
reasons why persons skilled in the art 
would not recognize in the disclosure a 
description of the invention defined by 
the claims."). In most cases, the 
statement that "an originally filed claim 
is its own written description," is borne 
out because the claim language conveys 
to others of skill in the art that the 
applicant was "in possession" of what 
is claimed. The Guidelines emphasize 
that the burden of proof is on the 
examiner to establish that a description 
as filed is not adequate and require the 
examiner to introduce sufficient 
evidence or technical reasoning to shift 
the burden of going forward with 
contrary evidence to the applicant. 

(4) Comment: One comment stated 
that the Guidelines change the 
substance of the written description 
requirement to require some level of 
enablement. The comment stated that 
the Eli Lilly case should not be followed 
because its change in the quality of the 
description required is in conflict with 
precedent. Another comment suggested 
that to comply with the written 
description requirement, the description 
must both (i) demonstrate possession of 
the claimed invention by the applicant; 
and (ii) put the public in possession of 
the claimed invention. Response: As 
noted in the comment above, the 
USPTO is bound by the Federal 
Circuit's decision in Eli Lilly. The 
Guidelines have been revised to clarify 
that an applicant must provide a 
description of the claimed invention 
which shows that applicant was in 
possession of the claimed invention. 
The suggestion to emphasize that the 
written description requirement must 
put the public in possession of the 
invention has not been adopted because 
it removes much of the distinction 
between the written description 
requirement and the enablement 
requirement. Although the two concepts 
are entwined, they are distinct and each 
is evaluated under separate legal 
criteria. The written description 
requirement, a question of fact, ensures 
that the inventor conveys to others that 
he or she had possession of the claimed 
invention; whereas, the enablement 
requirement, a question of law, ensures 
that the inventor conveys to others how 
to make and use the claimed invention. 

(5) Comment: One comment suggested 
that the Guidelines should provide 
examples of situations in which the 
written description requirement was 
met but the enablement requirement 
was not, and vice versa. Another 
comment stated that examiners often 
use enablement language in making 
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written description rejections. 
Response: The enablement and written 
description requirements are not 
coextensive and, therefore, situations 
will arise in which one requirement is 
met but the other is not. Federal Circuit 
case law demonstrates many 
circumstances where enablement or 
written description issues, but not both, 
were before the Court. These Guidelines 
are intended to clarify for the examining 
corps the criteria needed to satisfy the 
written description requirement. For 
examples applying these Guidelines to 
hypothetical fact situations, see the 
"Synopsis of Application of Written 
Description Guidelines" (examiner 
training materials available on-line at 
http://www. uspto.gov/web/menu/ 
written.pdf). These examples, as well as 
the examination form paragraphs and 
instructions on their proper use, provide 
the appropriate language examiners 
should use in making written 
description rejections. 

(6) Comment: One comment disagreed 
with the statement in an endnote that 
"the fact that a great deal more than just 
a process is necessary to render a 
product invention obvious means that a 
great deal more than just a process is 
necessary to provide written description 
for a product invention." The comment 
indicated that the statement is overly 
broad and inconsistent with the "strong 
presumption that an adequate written 
description of the claimed invention is 
present when the application is filed." 
As an extreme case, for example, for 
product-by-process claims, nothing else 
would be needed to provide the written 
description of the product. Response: 
The endnote has been clarified and is 
now more narrowly drawn. However, 
there is no per se rule that disclosure of 
a process is sufficient to adequately 
describe the products produced by the 
process. In fact, Fiers v. Revel and Eli 
Lilly involved special circumstances 
where the disclosure of a process of 
making and the function of the product 
alone did not provide an adequate 
written description for product claims. 
Even when a product is claimed in a 
product-by-process format, the 
adequacy of the written description of 
the process to support product claims 
must be evaluated on a case-by-case 
basis. 

(7) Comment: Several comments urge 
that actual reduction to practice, as a 
method of satisfying the written 
description requirement by 
demonstrating possession, has been 
over-emphasized. Response: The 
Guidelines have been clarified to state 
that describing an actual reduction to 
practice is one of a number of ways to 
show possession of the invention. 



Description of an actual reduction to 
practice offers an important "safe 
haven" that applies to all applications 
and is just one of several ways by which 
an applicant may demonstrate 
possession of the claimed invention. 
Actual reduction to practice may be 
crucial in the relatively rare instances 
where the level of knowledge and level 
of skill are such that those of skill in the 
art cannot describe a composition 
structurally, or specify a process of 
making a composition by naming 
components and combining steps, in 
such a way as to distinguish the 
composition with particularity from all 
others. Thus, the emphasis on actual 
reduction to practice is appropriate in 
those cases where the inventor cannot 
provide an adequate description of what 
the composition is, and a definition by 
function is insufficient to define a 
composition "because it is only an 
indication of what the [composition] 
does, rather than what it is." Eli Lilly, 
119 F.3d at 1568, 43 USPQ at 1406. See 
alsoAmgen Inc. v, Chugai 
Pharmaceutical Co., 927 F.2d 1200, 
1206, 18 USPQ2d 1016, 1021 (Fed. Cir. 
1991). 

(8) Comment: One comment asserts 
that the citation to Pfaffv. Wells 
Electronics, Inc., 525 U.S. 55, 48 
USPQ2d 1641 (1998) is inappropriate 
and should be deleted because Pfaff is 
concerned with § 102(b) on-sale bar, not 
written description. Another comment 
suggested that the Guidelines should 
provide an explanation of how the 
"ready for patenting" concept of Pfaff 
should be used in determining 
compliance with the written description 
requirement. Response: The Guidelines 
state the general principle that actual 
reduction to practice is not required to 
show possession of, or to adequately 
describe, a claimed invention (although, 
as noted in the previous comment, an 
actual reduction to practice is crucial in 
relatively rare instances). An alternative 
is to show that the invention described 
was "ready for patenting" as set out in 
Pfaff. For example, a description of 
activities that demonstrates the 
invention was "ready for patenting" 
satisfies the written description 
requirement. As Wertheim indicates, 
"how the specification accomplishes 
this is not material." 541 F.2d at 262, 
191 USPQ at 96. 

(9) Comment: One comment stated 
that the written description of a claimed 
DNA should be required to include the 
complete sequence of the DNA and 
claims should be limited to the DNA 
sequence disclosed. Response: 
Describing the complete chemical 
structure, i.e., the DNA sequence, of a 
claimed DNA is one method of 



satisfying the written description 
requirement, but it is not the only 
method. See Eli Lilly, 119 F.3d at 1566, 
43 USPQ2d at 1404 ("An adequate 
written description of a DNA * * * 
requires a precise definition, such as by 
structure, formula, chemical name,- or 
physical properties." (emphasis added, 
internal quote omitted)). Therefore, 
there is no basis for a per se rule 
requiring disclosure of complete DNA 
sequences or limiting DNA claims to 
only the sequence disclosed. 

(10) Comment: One comment stated 
that it is difficult to envision how one 
could provide a description of sufficient 
identifying characteristics of the 
invention without physical possession 
of a species of the invention, and thus 
this manner of showing possession 
should be considered as a way to show 
actual reduction to practice. Response: 
This suggestion has not been adopted. 
The three ways of demonstrating 
possession as set forth in the Guidelines 
are merely exemplary and are not 
mutually exclusive. While there are 
some cases where a description of 
sufficient relevant identifying 
characteristics will evidence an actual 
reduction to practice, there are other 
cases where it will not. See, e.g., Ralston 
Purina Co. v. Far-Mar-Co, Inc., 772 F.2d 
1570, 1576, 227 USPQ 177, 180 (Fed. 
Cir. 1985) (disclosure taken with the 
knowledge of those skilled in the art 
may be sufficient support for claims). 

(11) Comment: One comment stated 
that the Guidelines should be revised to 
indicate that the test of disclosure of 
sufficiently detailed drawings should be 
expanded to include structural claiming 
of chemical entities. Response: The 
suggestion has been adopted. 

(12) Comment: One comment stated 
that the Guidelines should reflect that 
an inventor is in possession of the 
invention when the inventor 
demonstrably has at least a complete 
conception thereof, and that factors and 
attributes which provide proof of 
written description should include 
evidence typically provided to prove a 
complete conception. Response: The 
suggestion has not been adopted 
because the conception analysis 
typically involves documentary 
evidence in addition to the description 
of the invention in the application as 
filed. However, it is acknowledged that 
if evidence typically provided to prove 
a complete conception is present in the 
specification as filed, it would be 
sufficient to show possession. The 
Federal Circuit has stated "[t]he 
conception analysis necessarily turns on 
the inventor's ability to describe his 
invention with particularity. Until he 
can do so, he cannot prove possession 



1102 



Federal Register/ Vol. 66, No. 4 /Friday, January 5, 2001 /Notices 



of the complete mental picture of the 
invention." Burroughs Wellcome Co. v. 
BarrLabs., Inc., 40 F.3d 1223, 1228, 32 
USPQ2d 1915, 1919 (Fed. Cir. 1994). As 
further noted by the Federal Circuit, in 
order to prove conception, "a party 
must show possession of every feature 
recited in the count, and that every 
limitation of the count must have been 
known to the inventor at the time of the 
alleged conception," Coleman v. Dines, 
754 F.2d 353, 359, 224 USPQ 857, 862 
(Fed. Cir. 1985). 

(13) Comment: One comment 
indicated that a "possession" test does 
not appear in Title 35 of the U.S. Code 
and is not clearly stated by the Federal 
Circuit. Therefore, it is recommended 
that patent examiners be directed to use 
existing judicial precedent to make 
rejections of claims unsupported by a 
statutory written description 
requirement. Response: While the 
Federal Circuit has not specifically laid 
out a "possession" test, the Court has 
clearly indicated that possession is a 
cornerstone of the written description 
inquiry. See, e.g., Vas-Cath, Inc. v. 
Mahurkar, 935 F.2d 1555, 1563, 19 
USPQ2d 1111, 1116 (Fed. Cir. 1991); see 
also Purdue Pharma LP. v. Faulding 
Inc., 230 F.3d 1320, 1323, 56 USPQ2d 
1481, 1483 (Fed. Cir. 2000) ("[o]ne 
skilled in the art, reading the disclosure, 
must immediately discern the limitation 
at issue in the claims") (internal quote 
omitted). The possession test as set forth 
in the Guidelines is extrapolated from 
case law in a wide variety of 
technologies and is not intended to be 
limiting. Any rejections made by 
examiners will be made under 35 U.S.C. 
112, 11, with supporting rationale. Final 
rejections are appealable if applicant 
disagrees and follows the required 
procedures to appeal. 

(14) Comment: Two comments 
\ indicated that if the amino acid 

sequence for a polypeptide whose 
utility has been identified is described, 
then the question of possession of a 
class of nucleotides encoding that 
polypeptide can be addressed as a 
relatively routine matter using the 
understanding of the genetic code, and 
that the endnote addressing this issue 
should be revised. Response: The 
suggestion of these comments has been 
incorporated in the Guidelines and will 
be reflected in the training materials, 
however, based upon In re Bell, 991 
F.2d 781, 785, 26 USPQ2d 1529, 1532 
(Fed. Cir. 1993) and In re Baird f 16 F.3d 
380, 382, 29 USPQ2d 1550, 1552 (Fed. 
Cir. 1994), this does not mean that 
applicant was in possession of any 
particular species of the broad genus. 

(15) Comment: One comment 
disagreed with an endnote which stated 



that a laundry list disclosure of moieties 
does not constitute a written description 
of every species in a genus. Specifically, 
the comment indicates that if the 
existence of a functional genus is 
adequately described in the 
specification, a laundry list of the 
species within that genus must satisfy 
the written description requirement. 
Response: The suggestion to revise the 
endnote will not be adopted. A lack of 
adequate written description problem 
arises if the knowledge and level of skill 
in the art would not permit one skilled 
in the art to immediately envisage the 
product claimed from the disclosure. 
This was aptly demonstrated in In re 
Bell and In re Baird where possession of 
a large genus did not put a person of 
ordinary skill in the art in possession of 
any particular species. See also Purdue 
Pharma, 230 F.3d at 1328, 56 USPQ2d 
at 1487 (because the original 
specification did not disclose the later 
claimed concentration ratio was a part 
of the invention, the inventors cannot 
argue that they are merely narrowing a 
broad invention). 

(16) Comment: One comment 
suggested that in the majority of cases, 
a single species will support a generic 
claim, and that the Guidelines should 
emphasize this point. Response: The 
suggestion has been adopted to a limited 
degree. The Guidelines now indicate 
that a single species may, in some 
instances, provide an adequate written 
description of a generic claim when the 
description of the species would 
evidence to one of ordinary skill in the 
art that the invention includes the 
genus. Note, however, Tronzo v. Biomet, 
Inc., 156 F.3d 1154, 47 USPQ2d 1829 
(Fed. Cir. 1998), where the species in 
the parent application was held not to 
provide written description support for 
the genus in the child application. 

(17) Comment: One comment asserted 
that the Guidelines should focus on the 
compliance of the claims, not the 
specification, with the written 
description requirement. Response: This 
suggestion will not be adopted. "The 
specification shall contain a written 
description of the invention." 35 U.S.C. 
112. The claims are part of the 
specification. Id., <fl 2. If an adequate 
description is provided, it will suffice 
"whether located among the original 
claims or in the descriptive part of the 
specification." In re Gardner, 480 F.2d 
879, 880, 178 USPQ 149 (CCPA 1973). 
The entire disclosure, including the 
specification, drawings, and claims, 
must be considered. 

(18) Comment: One comment asserted 
that the Guidelines confuse "new 
matter," 35 U.S.C. 132, with the written 
description requirement, and that the 



same standard for written description 
should be applied to both original 
claims and new or amended claims. 
Response: The Guidelines indicate that 
for both original and amended claims, 
the inquiry is whether one skilled in the 
art can reasonably conclude that the 
inventor had possession of the claimed 
invention at the time the application 
was filed. 

(19) Comment: One comment 
suggested that the second paragraph of 
the section pertaining to determining 
what the claim as a whole covers should 
be deleted because it relates more to 
compliance with § 112, second 
paragraph, than with the written 
description requirement. Response: This 
suggestion will not be adopted. The 
claims must be construed and all issues 
as to the scope and meaning of the claim 
must be explored during the inquiry 
into whether the written description 
requirement has been met. The concept 
of treating the claim as a whole is 
applicable to all criteria for 
patentability. 

(20) Comment: One comment 
suggested a different order for the 
general analysis for determining 
compliance with the written description 
requirement, starting with reading the 
claim, then the specification, and then 
determining whether the disclosure 
demonstrates possession by the 
applicant. Response: This suggestion 
will not be adopted. The claims must be 
construed as broadly as reasonable in 
light of the specification and the 
knowledge in the art. See In re Morris, 
127 F.3d 1048, 1054, 44 USPQ2d 1023, 
1027 (Fed. Cir. 1997). Then the 
disclosure must be evaluated to 
determine whether it adequately 
describes the claimed invention, i.e., 
whether it conveys to a person having 
ordinary skill in the art that the 
applicant had possession of what he or 
she now claims. 

(21) Comment: Several comments 
suggested that the Guidelines are 
unclear with regard to how the 
examiner should treat the transitional 
phrase "consisting essentially of." The 
comments also suggested that the 
endnote that explains "consisting 
essentially of does not make clear how 
the use of this intermediate transitional 
language affects the scope of the claim. 
Several comments stated that the 
USPTO does not have legal authority to 
treat claims reciting this language as 
open (equivalent to "comprising"). 
Another comment suggested that the 
phrase "clear indication in the 
specification" be replaced with 
"explicit or implicit indication." 
Response: The transitional phrase 
"consisting essentially of "excludes 
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ingredients that would 'materially affect 
the basic and novel characteristics' of 
the claimed composition.' 1 Atlas Powder 
Co. v. E.L DuPont de Nemours & Co., 
750 F.2d 1569, 1574, 224 USPQ 409, 
412 (Fed. Cir. 1984). The basic and 
novel characteristics of the claimed 
invention are limited by the balance of 
the claim. In re Janakirama-Rao, 317 
F.2d 951, 954, 137 USPQ 893, 896 
(CCPA 1963). However, during 
prosecution claims must be read 
broadly, consistent with the 
specification. In re Morris, 127 F.3d 
1048, 1054, 44 USPQ2d 1023, 1027 
(Fed. Cir. 1997). Thus, for purposes of 
searching for and applying prior art in 
a rejection under 35 U.S.C. 102 or 103, 
if the specification or the claims do not 
define the "basic and novel" properties 
of the claimed subject matter (or if such 
properties are in dispute), the broadest 
reasonable interpretation consistent 
with the specification is that the basic 
and novel characteristics are merely the 
presence of the recited limitations. See, 
e.g., Janakirama-Rao, 317 F.2d at 954, 
137 USPQ at 895-96. This does not 
indicate that the intermediate 
transitional language is never given 
weight. Applicants may amend the 
claims to avoid the rejections or seek to 
establish that the specification provides 
definitions of terms in the claims that 
define the basic and novel 
characteristics of the claimed invention 
which distinguish the claimed 
invention from the prior art. When an 
applicant contends that additional steps 
or materials in the prior art are excluded 
by the recitation of 'consisting 
essentially of,' applicant has the burden 
of showing that the introduction of 
additional steps or components would 
materially change the characteristics of 
applicant's invention. In re De Lajarte, , 
337 F.2d 870, 143 USPQ 256 (CCPA 
1964). The language used in the 
Guidelines is consistent with PPG 
Industries Inc. v. Guardian Industries 
Corp., 156 F.3d 1351, 1355, 48 USPQ2d 
1351, 1355 (Fed. Cir. 1998) ("PPG could 
have defined the scope of the phrase 
'consisting essentially of for purposes 
of its patent by making clear in its 
specification what it regarded as 
constituting a material change in the 
basic and novel characteristics.'*). 

(22) Comment: One comment stated 
that the written description should 
"disclose the invention," including why 
the invention works and how it was 
developed. Response: This suggestion 
has not been adopted. An inventor does 
not need to know how or why the 
invention works in order to obtain a 
patent, Newman v. Quigg, 877 F.2d 
1575, 1581, 11 USPQ2d 1340, 1345 



(Fed. Cir. 1989). To satisfy the 
enablement requirement of 35 U.S.C. 
112, HI, an application must disclose 
the claimed invention in sufficient 
detail to enable a person of ordinary 
skill in the art to make and use the 
claimed invention. To satisfy the 
written description requirement of 35 
U.S.C. 112, U 1, the description must 
show that the applicant was in 
possession of the claimed invention at 
the time of filing. There is no statutory 
basis to require disclosure of why an 
invention works or how it was 
developed, "Patentability shall not be 
negatived by the manner in which the 
invention was made/' 35 U.S.C. 103(a). 

(23) Comment: One comment 
recommended that the phrases 
"emerging and unpredictable 
technologies" and "unpredictable art" 
be replaced with the phrase— inventions 
characterized by factors which are not 
reasonably predictable in terms of the 
ordinary skill in the art—. Response: 
The suggestion is adopted in part and 
the recommended phrase has been 
added as an alternative. 

(24) Comment: One comment 
recommended that the phrase 
"conventional in the art" be replaced 
with— part of the knowledge of one of 
ordinary skill in the art—. Response: 
The suggestion is adopted in part and 
the recommended phrase has been 
added as an alternative. The standard of 
"conventional in the art" is supported 
by case law holding that a patent 
specification "need not teach, and 
preferably omits, what is well known in 
the art." See Spectra-Physics, Inc. v. 
Coherent, Inc., 827 F.2d 1524, 1534, 3 
USPQ2d 1737, 1743 (Fed. Cir. 1987); 
Hybritech Inc. v. Monoclonal 
Antibodies, Inc., 802 F,2d 1367, 1384, 
231 USPQ 81, 94 (Fed. Cir. 1986). See 
also Atmel Corp. v. Information Storage 
Devices, Inc., 198 F.3d 1374, 1382, 53 
USPQ2d 1225, 1231 (Fed. Cir. 1999). 

(25) Comment: One comment 
recommended that the Guidelines be 
amended to state that the appropriate 
skill level for determining possession of 
the claimed invention is that of a person 
of ordinary skill in the art. Response: 
The comment has not been adopted. 
The statutory language itself indicates 
that compliance with the requirements 
of 35 U.S.C. 112, Hi, is judged from the 
standard of "any person skilled in the 
art." It is noted, however, that the 
phrases "one of skill in the art" and 
"one of ordinary skill in the art" appear 
to be synonymous. See, e.g., Union Oil 
Co. v. Atlantic Richfield Co., 208 F.3d 
989, 997, 54 USPQ2d 1227, 1232 (Fed. 
Cir. 2000) ("The written description 
requirement does not require the 
applicant 'to describe exactly the subject 



matter claimed, [instead] the description 
must clearly allow persons of ordinary 
skill in the art to recognize that [he or 
she] invented what is claimed.' Thus, 
§112,11, ensures that, as of the filing 
date, the inventor conveyed with 
reasonable clarity to those of skill in the 
art that he was in possession of the 
subject matter of the claims." (citations 
omitted, emphasis added)). 

(26) Comment: One comment stated 
that an endnote misstates the relevant 
law in stating that, to show inherent 
written descriptive support for a claim 
limitation, the inherent disclosure must 
be such as would be recognized by a 
person of ordinary skill in the art. The 
comment recommended that the 
endnote be amended to delete the 
reference to recognition by persons of 
ordinary skill and to cite Pingree v. 
Hull, 518 F,2d 624, 186 USPQ 248 
(CCPA 1975), rather than In re 
Robertson, 169 F.3d 743, 49 USPQ2d 
1949 (Fed. Cir. 1999). Response: The 
comment has not been adopted. Federal 
Circuit precedent makes clear that an 
inherent disclosure must be recognized 
by those of ordinary skill in the art. See, 
e.g., Hyatt v. Boone, 146 F.3d 1348, 
1354-55, 47 USPQ2d 1128, 1132 (Fed. 
Cir. 1998) ("[T]he purpose of the 
description requirement is 'to ensure 
that the inventor had possession, as of 
the filing date of the application relied 
on, of the specific subject matter later 
claimed by him.' * * * Thus, the 
written description must include all of 
the limitations of the interference count, 
or the applicant must show that any 
absent text is necessarily comprehended 
in the description provided and would 
have been so understood at the time the 
patent application was filed." (emphasis 
added)). See also Reiffin v. Microsoft 
Corp., 214 F.3d 1342, 1346, 54 USPQ2d 
1915, 1917 (Fed. Cir. 2000) (The 
"application considered as a whole 
must convey to one of ordinary skill in 
the art, either explicitly or inherently, 
that [the inventor] invented the subject 
matter claimed * * *. See * * * 
Continental Can Co. USA v. Monsanto 
Co., 948 F.2d 1264, 1268, 20 USPQ2d 
1746, 1749 (Fed. Cir. 1991) (descriptive 
matter may be inherently present in a 
specification if one skilled in the art 
would necessarily recognize such a 
disclosure)"). 

(27) Comment: Several comments 
pointed out an inconsistency in the 
Federal Register Notice re: the Revised 
Interim Written Description Guidelines. 
The inconsistency concerned the 
treatment of claims directed to an 
isolated DNA comprising SEQID NO:l 
wherein SEQID NO:l is an expressed 
sequence tag. The comments contrasted 
paragraphs 34 and 35 of the Response to 
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Public Comments with the statement in 
the text of the Guidelines that a genus 
must be supported by a representative 
number of species (as analyzed in 
Example 7 of the training materials). 
Response: The USPTO acknowledges 
that there was an inconsistency. The 
Office notes that a claim reciting a 
nucleic acid comprising SEQ ID NO:l 
may be subject to a rejection for lack of 
an adequate written description where 
particular identifiable species within 
the scope of the claim lack an adequate 
written description. The training 
materials as amended exemplify an 
appropriate analysis. 

(28) Comment: One comment stated 
that the USPTO should respond to the 
issue of whether the U.S. is meeting its 
TRIPs obligations. This comment noted 
that the USPTO did not address an 
earlier comment regarding the "Interim 
Guidelines for the Examination of 
Patent Applications under the 35 U.S.C. 
112, 1 1, 'Written Description' 
Requirement," 63 FR 32,639, June 15, 
1998, which questioned whether the 
written description requirement is truly 
different from the enablement 
requirement, and indicated that such a 
requirement may be contrary to the 
TRIPs provisions of the World Trade 
Organization (Article 27.1), Article 27.1 
requires WTO Members to, inter alia, 
make patents available, with limited 
exceptions, for products and processes 
in all fields of technology so long as 
those products and processes are new, 
involve an inventive step, and are 
capable of industrial application. The 
comment further suggested a response. 
Response: TRIPs Article 27 does not 
address what must be included in a 
patent application to allow WTO 
Member officials to determine whether 
particular inventions meet the standards 
for patentability established in that 
Article. TRIPs Article 29, which is more 
relevant to this comment, states that 
Members "shall require" patent 
applicants to disclose their invention 
"in a manner sufficiently clear and 
complete for the invention to be carried 
out by a person skilled in the art." If the 
written description is not clear and 
complete, the applicant may not have 
been in possession of the invention. 
This may support both written 
description and enablement standards. 
In addition, Article 29 expressly 
authorizes Members to require patent 
applicants to disclose the best method 
the inventor knows at the time of filing 
an application for carrying out the 
invention. 

(29) Comment: Two comments 
commended the USPTO for eliminating 
the Biotechnology Specific Examples in 
the Revised Interim Written Description 



Guidelines and providing separate 
training materials. One comment 
indicated a need to reconfirm the 
examples set forth in the Interim 
Written Description Guidelines 
published in 1998. Response: The 
current training materials reflect the 
manner in which the USPTO interprets 
the Written Description Guidelines. 

(30) Comment: Several comments 
addressed specific concerns about the 
examiner training materials. Response: 
The comments received with respect to 
the training materials will be taken 
under advisement as the Office revises 
the training materials in view of the 
revisions to the Guidelines. The specific 
comments will not be addressed herein 
as they do not impact the language of 
the Guidelines. 

Guidelines for the Examination of 
Patent Applications Under the 35 
U.S.C. 112, < B 1, "Written Description'* 
Requirement 

These "Written Description 
Guidelines" are intended to assist Office 
personnel in the examination of patent 
applications for compliance with the 
written description requirement of 35 
U.S.C. 112, % 1. This revision is based 
on the Office's current understanding of 
the law and public comments received 
in response to the USPTO's previous 
request for public comments on its 
Revised Interim Written Description 
Guidelines and is believed to be fully 
consistent with binding precedent of the 
U.S. Supreme Court, as well as the U.S. 
Court of Appeals for the Federal Circuit 
and its predecessor courts. 

This revision does not constitute 
substantive rulemaking and hence does 
not have the force and effect of law. It 
is designed to assist Office personnel in 
analyzing claimed subject matter for 
compliance with substantive law. 
Rejections will be based upon the 
substantive law, and it is these 
rejections which are appealable. 
Consequently, any perceived failure by 
Office personnel to follow these 
Guidelines is neither appealable nor 
petitionable. 

These Guidelines are intended to form 
part of the normal examination process. 
Thus, where Office personnel establish 
a prima facie case of lack of written 
description for a claim, a thorough 
review of the prior art and examination 
on the merits for compliance with the 
other statutory requirements, including 
those of 35 U.S.C. 101, 102, 103, and 
112, is to be conducted prior to 
completing an Office action which 
includes a rejection for lack of written 
description. Office personnel are to rely 
on this revision of the Guidelines in the 
event of any inconsistent treatment of 



issues involving the written description 
requirement between these Guidelines 
and any earlier guidance provided from 
the Office. 

I. General Principles Governing 
Compliance With the "Written 
Description" Requirement for 
Applications 

The first paragraph of 35 U.S.C. 112 
requires that the "specification shall 
contain a written description of the 
invention* * *." This requirement is 
separate and distinct from the 
enablement requirement. 1 The written 
description requirement has several 
policy objectives. "[T]he 'essential goal' 
of the description of the invention 
requirement is to clearly convey the 
information that an applicant has 
invented the subject matter which is 
claimed." 2 Another objective is to put 
the public in possession of what the 
applicant claims as the invention. 3 The 
written description requirement of the 
Patent Act promotes the progress of the 
useful arts by ensuring that patentees 
adequately describe their inventions in 
their patent specifications in exchange 
for the right to exclude others from 
practicing the invention for the duration 
of the patent's term. 

To satisfy the written description 
requirement, a patent specification must 
describe the claimed invention in 
sufficient detail that one skilled in the 
art can reasonably conclude that the 
inventor had possession of the claimed 
invention. 4 An applicant shows 
possession of the claimed invention by 
describing the claimed invention with 
all of its limitations using such 
descriptive means as words, structures, 
figures, diagrams, and formulas that 
fully set forth the claimed invention. 5 
Possession may be shown in a variety of 
ways including description of an actual 
reduction to practice, 6 or by showing 
that the invention was "ready for 
patenting" such as by the disclosure of 
drawings or structural chemical 
formulas that show that the invention 
was complete, 7 or by describing 
distinguishing identifying 
characteristics sufficient to show that 
the applicant was in possession of the 
claimed invention. 8 A question as to 
whether a specification provides an 
adequate written description may arise 
in the context of an original claim 
which is not described sufficiently, a 
new or amended claim wherein a claim 
limitation has been added or removed, 
or a claim to entitlement of an earlier 
priority date or effective filing date 
under 35 U.S.C. 119, 120, or 365(c). 9 
Compliance with the written 
description requirement is a question of 
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fact which must be resolved on a case- 
by-case basis. 10 

A Original Claims 

There is a strong presumption that an 
adequate written description of the 
claimed invention is present when the 
application is filed. 11 However, the 
issue of a lack of adequate written 
description may arise even for an 
original claim when an aspect of the 
claimed invention has not been 
described with sufficient particularity 
such that one skilled in the art would 
recognize that the applicant had 
possession of the claimed invention. 12 
The claimed invention as a whole may 
not be adequately described if the 
claims require an essential or critical 
feature which is not adequately 
described in the specification and 
which is not conventional in the art or 
known to one of ordinary skill in the 
art. 13 This problem may arise where an 
invention is described solely in terms of 
a method of its making coupled with its 
function and there is no described or 
art-recognized correlation or 
relationship between the structure of the 
invention and its function. 14 A lack of 
adequate written description issue also 
arises if the knowledge and level of skill 
in the art would not permit one skilled 
in the art to immediately envisage the 
product claimed from the disclosed 
process. 15 

B. New or Amended Claims 

The proscription against the 
introduction of new matter in a patent 
application 16 serves to prevent an 
applicant from adding information that 
goes beyond the subject matter 
originally filed. 17 Thus, the written 
description requirement prevents an 
applicant from claiming subject matter 
that was not adequately described in the 
specification as filed. New or amended 
claims which introduce elements or 
limitations which are not supported by 
the as-filed disclosure violate the 
written description requirement. 18 
While there is no in haec verba 
requirement, newly added claim 
limitations must be supported in the 
specification through express, implicit, 
or inherent disclosure. An amendment 
to correct an obvious error does not 
constitute new matter where one skilled 
in the art would not only recognize the 
existence of the error in the 
specification, but also recognize the 
appropriate correction. 19 Deposits made 
after the application filing date cannot 
be relied upon to support additions to 
or correction of information in the 
application as filed. 20 

Under certain circumstances, 
omission of a limitation can raise an 



issue regarding whether the inventor 
had possession of a broader, more 
generic invention. 21 A claim that omits 
an element which applicant describes as 
an essential or critical feature of the 
invention originally disclosed does not 
comply with the written description 
requirement. 22 

The fundamental factual inquiry is 
whether the specification conveys with 
reasonable clarity to those skilled in the 
art that, as of the filing date sought, 
applicant was in possession of the 
invention as now claimed. 23 

II. Methodology for Determining 
Adequacy of Written Description 

A. Read and Analyze the Specification 
for Compliance With 35 U.S.C. 112, J 1 

Office personnel should adhere to the 
following procedures when reviewing 
patent applications for compliance with 
the written description requirement of 
35 U.S.C. 112, 1 1. The examiner has the 
initial burden, after a thorough reading 
and evaluation of the content of the 
application, of presenting evidence or 
reasons why a person skilled in the art 
would not recognize that the written 
description of the invention provides 
support for the claims. There is a strong 
presumption that an adequate written 
description of the claimed invention is 
present in the specification as filed; 24 
however, with respect to newly added 
or amended claims, applicant should 
show support in the original disclosure 
for the new or amended claims. 25 
Consequently, rejection of an original 
claim for lack of written description 
should be rare. The inquiry into 
whether the description requirement is 
met is a question of fact that must be 
determined on a case-by-case basis. 26 

1. For Each Claim, Determine What the 
Claim as a Whole Covers 

Claim construction is an essential part 
of the examination process. Each claim 
must be separately analyzed and given 
its broadest reasonable interpretation in 
light of and consistent with the written 
description. 27 The entire claim must be 
considered, including the preamble 
language 28 and the transitional 
phrase. 29 The claim as a whole, 
including all limitations found in the 
preamble, 30 the transitional phrase, and 
the body of the claim, must be 
sufficiently supported to satisfy the 
written description requirement. 31 

The examiner should evaluate each 
claim to determine if sufficient 
structures, acts, or functions are recited 
to make clear the scope and meaning of 
the claim, including the weight to be 
given the preamble, 32 The absence of 
definitions or details for well- 



established terms or procedures should 
not be the basis of a rejection under 35 
U.S.C. 112, <J 1, for lack of adequate 
written description. Limitations may 
not, however, be imported into the 
claims from the specification. 

2. Review the Entire Application to 
Understand How Applicant Provides 
Support for the Claimed Invention 
Including Each Element and/or Step 

Prior to determining whether the 
disclosure satisfies the written 
description requirement for the claimed 
subject matter, the examiner should 
review the claims and the entire 
specification, including the specific 
embodiments, figures, and sequence 
listings, to understand how applicant 
provides support for the various features 
of the claimed invention. 33 The analysis 
of whether the specification complies 
with the written description 
requirement calls for the examiner to 
compare the scope of the claim with the 
scope of the description to determine 
whether applicant has demonstrated 
possession of the claimed invention. 
Such a review is conducted from the 
standpoint of one of skill in the art at 
the time the application was filed 34 and 
should include a determination of the 
field of the invention and the level of 
skill and knowledge in the art. 
Generally, there is an inverse correlation 
between the level of skill and 
knowledge in the art and the specificity 
of disclosure necessary to satisfy the 
written description requirement. 
Information which is well known in the 
art need not be described in detail in the 
specification. 35 

3. Determine Whether There is 
Sufficient Written Description to Inform 
a Skilled Artisan That Applicant was in 
Possession of the Claimed Invention as 
a Whole at the Time the Application 
Was Filed 

a. Original claims. Possession may be 
shown in many ways. For example, 
possession may be shown, inter alia, by 
describing an actual reduction to 
practice of the claimed invention. 
Possession may also be shown by a clear 
depiction of the invention in detailed 
drawings or in structural chemical 
formulas which permit a person skilled 
in the art to clearly recognize that 
applicant had possession of the claimed 
invention. An adequate written 
description of the invention may be 
shown by any description of sufficient, 
relevant, identifying characteristics so 
long as a person skilled in the art would 
recognize that the inventor had 
possession of the claimed invention. 36 

A specification may describe an 
actual reduction to practice by showing 
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that the inventor constructed an 
embodiment or performed a process that 
met all the limitations of the claim and 
determined that the invention would 
work for its intended purpose. 37 
Description of an actual reduction to 
practice of a biological material may be 
shown by specifically describing a 
deposit made in accordance with the 
requirements of 37 CFR 1.801 et seq. 38 

An applicant may show possession of 
an invention by disclosure of 
drawings 39 or structural chemical 
formulas 40 that are sufficiently detailed 
to show that applicant was in 
possession of the claimed invention as 
a whole. The description need only 
describe in detail that which is new or 
not conventional. 41 This is equally true 
whether the claimed invention is 
directed to a product or a process. 
An applicant may also snow that an 
^ invention is complete by disclosure of 

sufficiently detailed, relevant 
. identifying characteristics 42 which 
provide evidence that applicant was in 
possession of the claimed invention 43 
i.e., complete or partial structure, other 
physical and/or chemical properties, 
functional characteristics when coupled 
with a known or disclosed correlation 
between function and structure, or some 
combination of such characteristics. 44 
What is conventional or well known to 
one of ordinary skill in the art need not 
be disclosed in detail. 45 If a skilled 
artisan would have understood the 
inventor to be in possession of the 
claimed invention at the time of filing, 
even if every nuance of the claims is not 
explicitly described in the specification, 
then the adequate description 
requirement is met. 4B 

(1) For each claim drawn to a single 
embodiment or species: 47 

(a) Determine whether the application 
describes an actual reduction to practice 
of the claimed invention. 

(b) If the application does not describe 
an actual reduction to practice, 
determine whether the invention is 
complete as evidenced by a reduction to 
drawings or structural chemical 
formulas that are sufficiently detailed to 
show that applicant was in possession 
of the claimed invention as a whole. 

(c) If the application does not describe 
an actual reduction to practice or 
reduction to drawings or structural 
chemical formula as discussed above, 
determine whether the invention has 
been set forth in terms of distinguishing 
identifying characteristics as evidenced 
by other descriptions of the invention 
that are sufficiently detailed to show 
that applicant was in possession of the 
claimed invention. 

(i) Determine whether the application 
as filed describes the complete structure 



(or acts of a process) of the claimed 
invention as a whole. The complete 
structure of a species or embodiment 
typically satisfies the requirement that 
the description be set forth "in such 
full, clear, concise, and exact terms" to 
show possession of the claimed 
invention. 48 If a complete structure is 
disclosed, the written description 
requirement is satisfied for that species 
or embodiment, and a rejection under 
35 U.S.C. 112, 1 1, for lack of written 
description must not be made. 

(ii) If the application as filed does not 
disclose the complete structure (or acts 
of a process) of the claimed invention as 
a whole, determine whether the 
specification discloses other relevant 
identifying characteristics sufficient to 
describe the claimed invention in such 
full, clear, concise, and exact terms that 
a skilled artisan would recognize 
applicant was in possession of the 
claimed invention. 49 

Whether the specification shows that 
applicant was in possession of the 
claimed invention is not a single, simple 
determination, but rather is a factual 
determination reached by considering a 
number of factors. Factors to be 
considered in determining whether 
there is sufficient evidence of 
possession include the level of skill and 
knowledge in the art, partial structure, 
physical and/or chemical properties, 
functional characteristics alone or 
coupled with a known or disclosed 
correlation between structure and 
function, and the method of making the 
claimed invention. Disclosure of any 
combination of such identifying 
characteristics that distinguish the 
claimed invention from other materials 
and would lead one of skill in the art 
to the conclusion that the applicant was 
in possession of the claimed species is 
sufficient. 50 Patents and printed 
publications in the art should be relied 
upon to determine whether an art is 
mature and what the level of knowledge 
and skill is in the art. In most 
technologies which are mature, and 
wherein the knowledge and level of 
skill in the art is high, a written 
description question should not be 
raised for original claims even if the 
specification discloses only a method of 
making the invention and the function 
of the invention. 51 In contrast, for 
inventions in emerging and 
unpredictable technologies, or for 
inventions characterized by factors not 
reasonably predictable which are known 
to one of ordinary skill in the art, more 
evidence is required to show 
possession. For example, disclosure of 
only a method of making the invention 
and the function may not be sufficient 
to support a product claim other than a 



product-by-process claim. S2 
Furthermore, disclosure of a partial 
structure without additional 
characterization of the product may not 
be sufficient to evidence possession of 
the claimed invention. 53 

Any claim to a species that does not 
meet the test described under at least 
one of (a), (b), or (c) must be rejected as 
lacking adequate written description 
under 35 U.S.C. 112, Hi. 
(2) For each claim drawn to a genus: 
The written description requirement 
for a claimed genus may be satisfied 
through sufficient description of a 
representative number of species by 
actual reduction to practice (see (l)(a), 
above), reduction to drawings (see 
(l)[b), above), or by disclosure of 
relevant, identifying characteristics, i.e., 
structure or other physical and/or 
chemical properties, by functional 
characteristics coupled with a known or 
disclosed correlation between function 
and structure, or by a combination of 
such identifying characteristics, 
sufficient to show the applicant was in 
possession of the claimed genus (see 
(l)(c), above). 134 

A "representative number of species" 
means that the species which are 
adequately described are representative 
of the entire genus. Thus, when there is 
substantial variation within the genus, 
one must describe a sufficient variety of 
species to reflect the variation within 
the genus. On the other hand, there may 
be situations where one species 
adequately supports a genus. 55 What 
constitutes a "representative number" is 
an inverse function of the skill and 
knowledge in the art. Satisfactory 
disclosure of a "representative number" 
depends on whether one of skill in the 
art would recognize that the applicant 
was in possession of the necessary 
common attributes or features of the 
elements possessed by the members of 
the genus in view of the species 
disclosed. For inventions in an 
unpredictable art, adequate written 
description of a genus which embraces 
widely variant species cannot be 
achieved by disclosing only one species 
within the genus. 56 Description of a 
representative number of species does 
not require the description to be of such 
specificity that it would provide 
individual support for each species that 
the genus embraces. 57 If a representative 
number of adequately described species 
are not disclosed for a genus, the claim 
to that genus must be rejected as lacking 
adequate written description under 35 
U.S.C. 112,11. 

b. New claims, amended claims, or 
claims asserting entitlement to the 
benefit of an earlier priority date or 
filing date under 35 U.S.C. 119, 120, or 
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365(c). The examiner has the initial 
burden of presenting evidence or 
reasoning to explain why persons 
skilled in the art would not recognize in 
the original disclosure a description of 
the invention defined by the claims. 58 
However, when filing an amendment an 
applicant should show support in the 
original disclosure for new or amended 
claims. 59 To comply with the written 
description requirement of 35 U.S.C. 
112, 1, or to be entitled to an earlier 
priority date or filing date under 35 
U.S.C. 119, 120, or 365(c), each claim 
limitation must be expressly, 60 
implicitly, 61 or inherently 62 supported 
in the originally filed disclosure. 63 
Furthermore, each claim must include 
all elements which applicant has 
described as essential. 84 

If the originally filed disclosure does 
not provide support for each claim 
limitation, or if an element which 
applicant describes as essential or 
critical is not claimed, a new or 
amended claim must be rejected under 
35 U.S.C. 112, 1 1, as lacking adequate 
written description, or in the case of a 
claim for priority under 35 U.S.C. 119, 
120, or 365(c), the claim for priority 
must be denied. 

111. Complete Patentability 
Determination Under All Statutory 
Requirements and Clearly 
Communicate Findings, Conclusions, 
and Their Bases 

The above only describes how to 
determine whether the written 
description requirement of 35 U.S.C. 

112, U 1, is satisfied. Regardless of the 
outcome of that determination, Office 
personnel must complete the 
patentability determination under all 
the relevant statutory provisions of title 
35 of the U.S. Code. 

Once Office personnel have 
concluded analysis of the claimed 
invention under all the statutory 
provisions, including 35 U.S.C. 101, 
112, 102, and 103, they should review 
all the proposed rejections and their 
bases to confirm their correctness. Only 
then should any rejection be imposed in 
an Office action. The Office action 
should clearly communicate the 
findings, conclusions, and reasons 
which support them. When possible, the 
Office action should offer helpful 
suggestions on how to overcome 
rejections. 

A. For Each Claim Lacking Written 
Description Support, Reject the Claim 
Under Section 112, J 1 , for Lack of 
Adequate Written Description 

A description as filed is presumed to 
be adequate, unless or until sufficient 
evidence or reasoning to the contrary 



has been presented by the examiner to 
rebut the presumption. 65 The examiner, 
therefore, must have a reasonable basis 
to challenge the adequacy of the written 
description. The examiner has the 
initial burden of presenting by a 
preponderance of evidence why a 
person skilled in the art would not 
recognize in an applicant's disclosure a 
description of the invention defined by 
the claims. 66 In rejecting a claim, the 
examiner must set forth express findings 
of fact regarding the above analysis 
which support the lack of written 
description conclusion. These findings 
should: 

(1) Identify the claim limitation at 
issue; and 

(2) Establish a prima facie case by 
providing reasons why a person skilled 
in the art at the time the application was 
filed would not have recognized that the 
inventor was in possession of the 
invention as claimed in view of the 
disclosure of the application as filed. A 
general allegation of "unpredictability 
in the art" is not a sufficient reason to 
support a rejection for lack of adequate 
written description. 

When appropriate, suggest 
amendments to the claims which can be 
supported by the application's written 
description, being mindful of the 
prohibition against the addition of new 
matter in the claims or description. 67 

B. Upon Reply by Applicant, Again 
Determine the Patentability of the 
Claimed Invention, Including Whether 
the Written Description Requirement Is 
Satisfied by Reperforming the Analysis 
Described Above in View of the Whole 
Record 

Upon reply by applicant, before 
repeating any rejection under 35 U.S.C. 
112, f 1, for lack of written description, 
review the basis for the rejection in view 
of the record as a whole, including 
amendments, arguments, and any 
evidence submitted by applicant. If the 
whole record now demonstrates that the 
written description requirement is 
satisfied, do not repeat the rejection in 
the next Office action. If the record still 
does not demonstrate that the written 
description is adequate to support the 
claim(s), repeat the rejection under 35 
U.S.C. 112, % 1, fully respond to 
applicant's rebuttal arguments, and 
properly treat any further showings 
submitted by applicant in the reply. 
When a rejection is maintained, any 
affidavits relevant to the 112, % 1, 
written description requirement, 68 must 
be thoroughly analyzed and discussed 
in the next Office action. 



Dated: December 29, 2000. 
Q. Todd Dickinson, 

Under Secretary of Commerce for Intellectual 
Property and Director of the United States 
Patent and Trademark Office. 

Endnotes 

1 See, e.g., Vas-Cath, Inc. v. Mahurkar, 935 
F.2d 1555, 1560, 19 USPQ2d 1111, 1114 
(Fed. Cir. 1991). 

2 In re Barker, 559 F.2d 588, 592 n.4, 194 
USPQ 470, 473 n.4 (CCPA 1977). 

3 See Regents of the University of California 
v. Eli Lilly, 119 F.3d 1559, 1566, 43 USPQ2d 
1398, 1404 (Fed. Cir. 1997), cert, denied, 523 
U.S. 1089 (1998). 

4 See, e.g., Vas-Cath, Inc. v. Mahurkar, 935 
F.2d at 1563, 19 USPQ2d at 1116. Much of 
the written description case law addresses 
whether the specification as originally filed 
supports claims not originally in the 
application. The issue raised in the cases is 
most often phrased as whether the original 
application provides "adequate support" for 
the claims at issue or whether the material 
added to the specification incorporates "new 
matter" in violation of 35 U.S.C. 132. The 
"written description" question similarly 
arises in the interference context, where the 
issue is whether the specification of one 
party to the interference can support the 
newly added claims corresponding to the 
count at issue, i,e„ whether that party can 
"make the claim" corresponding to the 
interference count. See, e.g., Martin v. Mayer, 
823 F.2d 500, 503, 3 USPQ2d 1333, 1335 
(Fed. Cir. 1987). 

In addition, early opinions suggest the 
Patent and Trademark Office was unwilling 
to find written descriptive support when the 
only description was found in the claims; 
however, this viewpoint was rejected. See In 
re Koller, 613 F.2d 819, 204 USPQ 702 (CCPA 
1980) (original claims constitute their own 
description); accord In re Gardner. 475 F.2d 
1389. 177 USPQ 396 (CCPA 1973); accord In 
re Wertheim, 541 F.2d 257, 191 USPQ 90 
(CCPA 1976) (accord). It is now well 
accepted that a satisfactory description may 
be in the claims or any other portion of the 
originally filed specification. These early 
opinions did not address the quality or 
specificity of particularity that was required 
in the description, i.e., how much 
description is enough. 

5 Lockwood v. American Airlines, Inc., 107 
F.3d 1565, 1572, 41 USPQ2d 1961, 1966 
(Fed. Cir. 1997). 

6 An application specification may show 
actual reduction to practice by describing 
testing of the claimed invention or, in the 
case of biological materials, by specifically 
describing a deposit made in accordance 
with 37 CFR 1.801 et seq. See also Deposit 
of Biological Materials for Patent Purposes, 
Final Rule, 54 FR 34,864 (August 22, 1989) 
("The requirement for a specific 
identification is consistent with the 
description requirement of the first paragraph 
of 35 U.S.C. 112, and to provide an 
antecedent basis for the biological material 
which either has been or will be deposited 
before the patent is granted." Id. at 34,876. 
"The description must be sufficient to permit 
verification that the deposited biological 
material is in fact that disclosed. Once the 
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patent issues, the description must be 
sufficient to aid in the resolution of questions 
of infringement." Id. at 34,880.). Such a 
deposit is not a substitute for a written 
description of the claimed invention. The 
written description of the deposited material 
needs to be as complete as possible because 
the examination for patentability proceeds 
solely on the basis of the written description. 
See, e.g., In re Lundak, 773 F.2d 1216, 227 
USPQ 90 (Fed. Cir. 1985). See also 54 FR at 
34,880 ("As a general rule, the more 
information that is provided about a 
particular deposited biological material, the 
better the examiner will be able to compare 
the identity and characteristics of the 
deposited biological material with the prior 
art."). 

7 Pfaffv. Wells Electronics, Inc., 525 U.S. 
55, 68, 119 S.Ct. 304, 312, 48 USPQ2d 1641, 
1647 (1998); Eli Lilly, 119 F.3d at 1568, 43 
USPQ2d at 1406. 

R See Amgen, Inc. v. Chugai 
Pharmaceutical, 927 F.2d 1200, 1206, 18 
USPQ2d 1016, 1021 (Fed. Cir. 1991) (one 
must define a compound by "whatever 
characteristics sufficiently distinguish it'*). 

!) A description requirement issue can arise 
for original claims (see, e.g., Eli Lilly, 119 
F.3d 1559, 43 USPQ2d 1398) as well as new 
or amended claims. Most typically, the issue 
will arise in the context of determining 
whether new or amended claims are 
supported by the description of the invention 
in the application as filed [see, e.g.. In re 
Wright, 866 F.2d 422, 9 USPQ2d 1649 (Fed. 
Cir. 1989)), whether a claimed invention is 
entitled to the benefit of an earlier priority 
date or effective filing date under 35 U.S.C. 
119, 120, or 365(c) {see, e.g., Tronzo v. 
Biomet, Inc., 156 F.3d 1154, 47 USPQ2d 1829 
(Fed. Cir. 1998); Fiers v. Revel, 984 F.2d 
1164, 25 USPQ2d 1601 (Fed. Cir. 1993); In 
re Ziegler, 992 F.2d 1197, 1200, 26 USPQ2d 
1600, 1603 (Fed. Cir. 1993)), or whether a 
specification provides support for a claim 
corresponding to a count in an interference 
{see, e.g., Fields v. Conover, 443 F.2d 1386, 
170 USPQ 276 (CCPA 1971)). 

10 Vas-Cath, Inc. v. Mahurkar, 935 F.2d at 
1563, 19 USPQ2d at 1116 (Fed. Cir. 1991). 

11 In re Wertheim, 541 F.2d 257, 263, 191 
USPQ 90, 97 (CCPA 1976) ("we are of the 
opinion that the PTO has the initial burden 
of presenting evidence or reasons why 
persons skilled in the art would not 
recognize in the disclosure a description of 
the invention defined by the claims"). 

12 See endnote 4. 

™ For example, consider the claim "A gene 
comprising SEQ ID NO:l." A determination 
of what the claim as a whole covers may 
result in a conclusion that specific structures 
such as a promoter, a coding region, or other 
elements are included. Although all genes 
encompassed by this claim share the 
characteristic of comprising SEQ ID NO:l, 
there may be insufficient description of those 
specific structures (e.g., promoters, 
enhancers, coding regions, and other 
regulatory elements) which are also included. 

14 A biomolecule sequence described only 
by a functional characteristic, without any 
known or disclosed correlation between that 
function and the structure of the sequence, 
normally is not a sufficient identifying 



characteristic for written description 
purposes, even when accompanied by a 
method of obtaining the claimed sequence. 
For example, even though a genetic code 
table would correlate a known amino acid 
sequence with a genus of coding nucleic 
acids, the same table cannot predict the 
native, naturally occurring nucleic acid 
sequence of a naturally occurring mRNA or 
its corresponding cDNA. Cf. In re Bell, 991 
F.2d 781, 26 USPQ2d 1529 (Fed. Cir. 1993), 
and In re Deuel, 51 F.3d 1552, 34 USPQ2d 
1210 (Fed. Cir. 1995) (holding that a process 
could not render the product of that process 
obvious under 35 U.S.C. 103). The Federal 
Circuit has pointed out that under United 
States law, a description that does not render 
a claimed invention obvious cannot 
sufficiently describe the invention for the 
purposes of the written description 
requirement of 35 U.S.C. 112. Eli Lilly, 119 
F.3d at 1567, 43 USPQ2d at 1405. 

Compare Fonar Corp. v. General Electric 
Co., 107 F.3d 1543, 1549, 41 USPQ2d 1801, 
1805 (Fed. Cir. 1997) ("As a general rule, 
where software constitutes part of a best 
mode of carrying out an invention, 
description of such a best mode is satisfied 
by a disclosure of the functions of the 
software. This is because, normally, writing 
code for such software is within the skill of 
the art, not requiring undue experimentation, 
once its functions have been disclosed. * * * 
Thus, flow charts or source code listings are 
not a requirement for adequately disclosing 
the functions of software."). 

13 See, e.g., Fujikawa v. Wattanasin, 93 
F,3d 1559, 1571, 39 USPQ2d 1895, 1905 
(Fed. Cir. 1996) (a "laundry list" disclosure 
of every possible moiety does not constitute 
a written description of every species in a 
genus because it would not "reasonably 
lead" those skilled in the art to any particular 
species); In re Ruschig, 379 F.2d 990, 995, 
154 USPQ 118, 123 (CCPA 1967) {'7/n- 
propylamine had been used in making the 
compound instead of n-butylamine, the 
compound of claim 13 would have resulted. 
Appellants submit to us, as they did to the 
board, an imaginary specific example 
patterned on specific example 6 by which the 
above butyl compound is made so that we 
can see what a simple change would have 
resulted in a specific supporting disclosure 
being present in the present specification. 
The trouble is that there is no such 
disclosure, easy though it is to imagine it.") 
(emphasis in original); Purdue Pharma L.P. v. 
Faulding Inc., 230 F.3d 1320, 1328, 56 
USPQ2d 1481, 1487 (Fed. Cir. 2000) ("the 
specification does not clearly disclose to the 
skilled artisan that the inventors * * * 
considered the [] ratio to be part of their 
invention* * *. There is therefore no force 
to Purdue's argument that the written 
description requirement was satisfied 
because the disclosure revealed a broad 
invention from which the (later-filed] claims 
carved out a patentable portion"). 

16 35 U.S.C. §§ 132 and 251. See also In re 
Rasmussen, 650 F.2d 1212, 1214. 211 USPQ 
323, 326 (CCPA 1981). See Manual of Patent 
Examining Procedure (MPEP) §§2163.06- 
2163.07 (7th Ed., Rev. 1, Feb. 2000) for a 
more detailed discussion of the written 
description requirement and its relationship 
to new matter. 



17 The claims as filed in the original 
specification are part of the disclosure and, 
therefore, if an application as originally filed 
contains a claim disclosing material not 
found in the remainder of the specification, 
the applicant may amend the specification to 
include the claimed subject matter. In re 
Benno, 768 F.2d 1340, 226 USPQ 683 (Fed. 
Cir. 1985). 

18 See, e.g.. In re Lukach, 442 F.2d 967, 169 
USPQ 795 (CCPA 1971) (subgenus range was 
not supported by generic disclosure and 
specific example within the subgenus range); 
In re Smith, 458 F.2d 1389, 1395, 173 USPQ 
679, 683 (CCPA 1972) (a subgenus is not 
necessarily described by a genus 
encompassing it and a species upon which it 
reads). 

19 In re Oda, 443 F.2d 1200, 170 USPQ 260 
(CCPA 1971). With respect to the correction 
of sequencing errors in applications 
disclosing nucleic acid and/or amino acid 
sequences, it is well known that sequencing 
errors are a common problem in molecular 
biology. See, e.g., Peter Richterich, 
Estimation of Errors in 'Raw' DNA 
Sequences: A Validation Study, 8 Genome 
Research 251-59 (1998). If an application as 
filed includes sequence information and 
references a deposit of the sequenced 
material made in accordance with the 
requirements of 37 CFR § 1.801 et seq., 
amendment may be permissible. 

20 Corrections of minor errors in the 
sequence may be possible based on the 
argument that one of skill in the art would 
have resequenced the deposited material and 
would have immediately recognized the 
minor error. Deposits made after the filing 
date can only be relied upon to provide 
support for the correction of sequence 
information if applicant submits a statement 
in compliance with 37 CFR § 1.804 stating 
that the biological material which is 
deposited is a biological material specifically 
defined in the application as filed. 

21 See, e.g., Gentry Gallery, Inc. v. Berkline 
Corp., 134 F.3d 1473, 45 USPQ2d 1498 (Fed. 
Cir. 1998) (claims to a sectional sofa 
comprising, inter alia, a console and a 
control means were held invalid for failing to 
satisfy the written description requirement 
where the claims were broadened by 
removing the location of the control means.); 
Johnson Worldwide Associates v. Zebco 
Corp., 175 F.3d 985, 993, 50 USPQ2d 1607, 
1613 (Fed. Cir. 1999) (In Gentry Gallery, the 
"court's determination that the patent 
disclosure did not support a broad meaning 
for the disputed claim terms was premised 
on clear statements in the written description 
that described the location of a claim 
element — the 'control means' — as 'the only 
possible location' and that variations were 
'outside the stated purpose of the invention.' 
Gentry Gallery, 134 F.3d at 1479, 45 USPQ2d 
at 1503. Gentry Gallery, then, considers the 
situation where the patent's disclosure makes 
crystal clear that a particular {i.e., narrow) 
understanding of a claim term is an 'essential 
element of [the inventor's] invention.' "); 
Tronzo v. Biomet, 156 F.3d at 1158-59, 47 
USPQ2d at 1833 (Fed. Cir. 1998) (claims to 
generic cup shape were not entitled to filing 
date of parent application which disclosed 
"conical cup" in view of the disclosure of the 
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parent application stating the advantages and 
importance of the conical shape.). 

22 See Gentry Gallery, 134 F. 3d at 1480, 45 
USPQ2d at 1503; In re Sus, 306 F.2d 494, 
.504, 134 USPQ 301, 309 (CCPA 1962) ("[0]ne 
skilled in this art would not be taught by the 
written description of the invention in the 
specification that any 'aryl or substituted aryl 
radical' would be suitable for the purposes of 
the invention but rather that only certain aryl 
radicals and certain specifically substituted 
aryl radicals [i.e., aryl azides) would be 
suitable for such purposes.*') (emphasis in 
original). A claim which omits matter 
disclosed to be essential to the invention as 
described in the specification or in other 
statements of record may also be subject to 
rejection under 35 U.S.C. 112, <fl 1, as not 
enabling, or under 35 U.S.C. 112, f 2. See In 
re Mayhew, 527 F.2d 1229, 188 USPQ 356 
(CCPA 1976); In re Venezia, 530 F.2d 956, 
189 USPQ 149 (CCPA 1976); and In re 
Collier, 397 F.2d 1003, 158 USPQ 266 (CCPA 
1968). See also MPEP §2172.01. 

23 See, e.g., Vas-Cath, Inc., 935 F.2d at 
1563-64, 19 USPQ2d at 1117. 

24 Wertheim, 541 F.2d at 262, 191 USPQ at 
96. 

23 See MPEP §§ 714.02 and 2163.06 
("Applicant should * * * specifically point 
out the support for any amendments made to 
the disclosure."); and MPEP §2163.04 ("If 
applicant amends the claims and points out 
where and/or how the originally filed 
disclosure supports the amendment(s), and 
the examiner finds that the disclosure does 
not reasonably convey that the inventor had 
possession of the subject matter of the 
amendment at the time of the filing of the 
application, the examiner has the initial 
burden of presenting evidence or reasoning 
to explain why persons skilled in the art 
would not recognize in the disclosure a 
description of the invention defined by the 
claims.'*). 

26 See In re Smith, 458 F.2d 1389, 1395, 
173 USPQ 679, 683 (CCPA 1972) ("Precisely 
how close [to the claimed invention) the 
description must come to comply with § 112 
must be left to case-by-case development."); 
In re Wertheim, 541 F.2d at 262, 191 USPQ 
at 96 (inquiry is primarily factual and 
depends on the nature of the invention and 
the amount of knowledge imparted to those 
skilled in the art by the disclosure). 

27 See, e.g., In re Morris, 127 F. 3d 1048, 
1053-54, 44 USPQ2d 1023, 1027 (Fed. Cir. 
1997). 

28 "Preamble language" is that language in 
a claim appearing before the transitional 
phase, e.g., before "comprising," "consisting 
essentially of," or "consisting of." 

29 The transitional term "comprising" (and 
other comparable terms, e.g., "containing," 
"including," and "having") is "open-ended- 
it covers the expressly recited subject matter, 
alone or in combination with unrecited 
subject matter. See, e.g., Genentech, Inc. v. 
Chiron Corp., 112 F.3d 495, 501, 42 USPQ2d 
1608. 1613 (Fed. Cir. 1997) (" 'Comprising' is 
a term of art used in claim language which 
means that the named elements are essential, 
but other elements may be added and still 
form a construct within the scope of the 
claim."); Ex parte Davis, 80 USPQ 448, 450 
(Bd. App. 1948) ("comprising" leaves the 



"claim open for the inclusion of unspecified 
ingredients even in major amounts"), "By 
using the term 'consisting essentially of,' the 
drafter signals that the invention necessarily 
includes the listed ingredients and is open to 
unlisted ingredients that do not materially 
affect the basic and novel properties of the 
invention. A 'consisting essentially of claim 
occupies a middle ground between closed 
claims that are written in a 'consisting of 
format and fully open claims that are drafted 
in a 'comprising* format." PPG Industries v. 
Guardian Industries, 156 F.3d 1351, 1354, 48 
USPQ2d 1351, 1353-54 (Fed. Cir. 1998). For 
the purposes of searching for and applying 
prior art under 35 U.S.C. 102 and 103, absent 
a clear indication in the specification or 
claims of what the basic and novel 
characteristics actually are, 'consisting 
essentially of will be construed as equivalent 
to "comprising." See, e.g., PPG, 156 F.3d at 
1355. 48 USPQ2d at 1355 ("PPG could have 
defined the scope of the phrase "consisting 
essentially of for purposes of its patent by 
making clear in its specification what it 
regarded as constituting a material change in 
the basic and novel characteristics of the 
invention."). See also In re Janakirama-Rao, 
317 F.2d 951, 954, 137 USPQ 893, 895-96 
(CCPA 1963). If an applicant contends that 
additional steps or materials in the prior art 
are excluded by the recitation of "consisting 
essentially of," applicant has the burden of 
showing that the introduction of additional 
steps or components would materially 
change the characteristics of applicant's 
invention. In re De Lajarte, 337 F.2d870,143 
USPQ 256 (CCPA 1964). 

30 See Pac-Tec Inc. v. Amerace Corp., 903 
F.2d 796, 801, 14 USPQ2d 1871, 1876 (Fed. 
Cir. 1990) (determining that preamble 
language that constitutes a structural 
limitation is actually part of the claimed 
invention). 

111 An applicant shows possession of the 
claimed invention by describing the claimed 
invention with all of its limitations. 
Lockwood, 107 F.3d at 1572, 41 USPQ2d at 
1966. 

32 See. e.g., Bell Communications Research, 
Inc. v. Vital ink Communications Corp., 55 
F.3d 615, 620, 34 USPQ2d 1816, 1820 (Fed. 
Cir. 1995) ("[A] claim preamble has the 
import that the claim as a whole suggests for 
it."); Corning Glass Works v. Sumitomo Elec. 
U.S.A., Inc., 868 F.2d 1251. 1257, 9 USPQ2d 
1962, 1966 (Fed. Cir. 1989) (The 
determination of whether preamble 
recitations are structural limitations can be 
resolved only on review of the entirety of the 
application "to gain an understanding of 
what the inventors actually invented and 
intended to encompass by the claim."). 

33 An element may be critical where those 
of skill in the art would require it to 
determine that applicant was in possession of 
the invention. Compare Rasmussen, 650 F.2d 
at 1215, 211 USPQ at 327 ("one skilled in the 
art who read Rasmussen's specification 
would understand that it is unimportant how 
the layers are adhered, so long as they are 
adhered") (emphasis in original), with 
Amgen, Inc. v. Chugai Pharmaceutical Co., 
Ltd., 927 F.2d 1200, 1206, 18 USPQ2d 1016, 
1021 (Fed. Cir. 1991) ("it is well established 
in our law that conception of a chemical 



compound requires that the inventor be able 
to define it so as to distinguish it from other 
materials, and to describe how to obtain it"). 

34 See, e.g., Wang Labs. v. Toshiba Corp. 
993 F.2d 858, 865, 26 USPQ2d 1767 1774 
(Fed. Cir. 1993). 

35 See, e.g., Hybritech, Inc. v. Monoclonal 
Antibodies, Inc., 802 F.2d 1367, 1379-80 231 
USPQ 81, 90 (Fed. Cir. 1986). 

36 See, e.g., Purdue Pharma L.P. v. 

Faulding Inc., 230 F.3d 1320, , 56 

USPQ2d 1481, 1483 (Fed. Cir. 2000) (the 
written description "inquiry is a factual one 
and must be assessed on a case-by-case 
basis"); see also Pfaffv. Wells Electronics, 
Inc., 55 U.S. at 66, 119 S.Ct. at 311, 48 
USPQ2d at 1646 ("The word invention* must 
refer to a concept that is complete, rather 
than merely one that is 'substantially 
complete.' rt is true that reduction to practice 
ordinarily provides the best evidence that an 
invention is complete. But just because 
reduction to practice is sufficient evidence of 
completion, it does not follow that proof of 
reduction to practice is necessary in every 
case. Indeed, both the facts of the Telephone 
Cases and the facts of this case demonstrate 
that one can prove that an invention is 
complete and ready for patenting before it 
has actually been reduced to practice,"). 

37 Cooper v. Goldfarb, 154 F.3d 1321, 1327, 
47 USPQ2d 1896, 1901 (Fed. Cir. 1998). See 
also UMCElecs. Co. v. United States, 816 
F,2d 647, 652, 2 USPQ2d 1465, 1468 (Fed. 
Cir. 1987) ("[T]here cannot be a reduction to 
practice of the invention * * * without a 
physical embodiment which includes all 
limitations of the claim."); Estee Lauder Inc. 
v. L'Oreal, S.A., 129 F.3d 588, 593, 44 
USPQ2d 1610, 1614 (Fed. Cir. 1997) ("[Al 
reduction to practice does not occur until the 
inventor has determined that the invention 
will work for its intended purpose."); 
Mahurkarv. C.R. Bard, Inc., 79 F.3d 1572, 
1578, 38 USPQ2d 1288, 1291 (Fed. Cir. 1996) 
(determining that the invention will work for 
its intended purpose may require testing 
depending on the character of the invention 
and the problem it solves). 

38 37 CFR 1.804, 1.809. See also endnote 

6. 

39 See, e.g., Vas-Cath, 935 F.2d at 1565, 19 
USPQ2d at 1118 ("drawings alone may 
provide a 'written description' of an 
invention as required by § 112"); In re 
Wolfensperger, 302 F.2d 950, 133 USPQ 537 
(CCPA 1962) (the drawings of applicant's 
specification provided sufficient written 
descriptive support for the claim limitation at 
issue); Autogiro Co. of America v. United 
States, 384 F.2d 391, 398, 155 USPQ 697, 703 
(Ct. CI. 1967) ("In those instances where a 
visual representation can flesh out words, 
drawings may be used in the same manner 
and with the same limitations as the 
specification."). 

40 See, e.g., Eli Lilly, 119 F.3d at 1568, 43 
USPQ2d at 1406 ("In claims involving 
chemical materials, generic formulae usually 
indicate with specificity what the generic 
claims encompass. One skilled in the art can 
distinguish such a formula from others and 
can identify many of the species that the 
claims encompass. Accordingly, such a 
formula is normally an adequate description 
of the claimed genus."). 
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41 See Hybritech v. Monoclonal Antibodies 
802 F.2d at 1384, 231 USPQ at 94; Fonar 
Corp. v. General Electric Co., 107 F. 3d at 
1549, 41 USPQ2d at 1805 (source code 
description not required). 

42 For example, the presence of a 
restriction enzyme map of a gene may be 
relevant to a statement that the gene has been 
isolated. One skilled in the art may be able 

to determine when the gene disclosed is the 
same as or different from a gene isolated by 
another by comparing the restriction enzyme 
map. In contrast, evidence that the gene 
could be digested with a nuclease would not 
normally represent a relevant characteristic 
since any gene would be digested with a 
nuclease. Similarly, isolation of an mRNA 
and its expression to produce the protein of 
interest is strong evidence of possession of an 
mRNA for the protein. 

For some biomolecules, examples of 
identifying characteristics include a 
sequence, structure, binding affinity, binding 
specificity, molecular weight, and length. 
Although structural formulas provide a 
convenient method of demonstrating 
possession of specific molecules, other 
identifying characteristics or combinations of 
characteristics may demonstrate the requisite 
possession. For example, unique cleavage by 
particular enzymes, isoelectric points of 
fragments, detailed restriction enzyme maps, 
a comparison of enzymatic activities, or 
antibody cross-reactivity may be sufficient to 
show possession of the claimed invention to 
one of skill in the art. See Lockwood, 107 
F.3d at 1572, 41 USPQ2d at 1966 ("written 
description" requirement may be satisfied by 
using "such descriptive means as words, 
structures, figures, diagrams, formulas, etc., 
that fully set forth the claimed invention"). 

43 A definition by function alone "does not 
suffice" to sufficiently describe a coding 
sequence "because it is only an indication of 
what the gene does, rather than what it is." 
Eli Lilly, 119 F.3 at 1568, 43 USPQ2d at 1406. 
See also Fiers, 984 F.2d at 1169-71, 25 
USPQ2d at 1605-06 (discussing Amgen Inc. 
v, Chugai Pharmaceutical Co., 927 F.2d 1200, 
18 USPQ2d 1016 (Fed. Cir. 1991)). 

44 If a claim limitation invokes 35 U.S.C 
112, H 6, it must be interpreted to cover the 
corresponding structure, materials, or acts in 
the specification and "equivalents thereof." 
See 35 U.S.C. 112, <fl 6. See also B. Braun 
Medical, Inc. v. Abbott Lab., 124 F.3d 1419, 
1424, 43 USPQ2d 1896, 1899 (Fed. Cir. 
1997). In considering whether there is 35 
U.S.C. 112, *H 1, support for a means- (or step) 
plus-function claim limitation, the examiner 
must consider not only the original 
disclosure contained in the summary and 
detailed description of the invention portions 
of the specification, but also the original 
claims, abstract, and drawings. A means- (or 
step-) plus-function claim limitation is 
adequately described under 35 U.S.C. 112, <fl 
1, if: (1) The written description adequately 
links or associates adequately described 
particular structure, material, or acts to the 
function recited in a means- (or step-) plus- 
function claim limitation; or (2) it is clear 
based on the facts of the application that one 
skilled in the art would have known what 
structure, material, or acts perform the 
function recited in a means- (or step-) plus- 



, function limitation. Note also: A rejection 
under 35 U.S.C. 112, % 2, "cannot stand 
where there is adequate description in the 
specification to satisfy 35 U.S.C. 112. first 
paragraph, regarding means-plus-function 
recitations that are not, per se, challenged for 
being unclear." In re Noll, 545 F.2d 141, 149, 
191 USPQ 721, 727 (CCPA 1976). See 
Supplemental Examination Guidelines for 
Determining the Applicability of 35 U.S.C. 
112, f6, 65 FR 38510, June 21, 2000. 

45 See Hybritech Inc. v. Monoclonal 
Antibodies, Inc., 802 F.2d at 1384, 231 USPQ 
at 94. 

46 See, e.g., Vas-Cath, 935 F.2d at 1563, 19 
USPQ2d at 1116; Martin v. Johnson, 454 F.2d 
746, 751, 172 USPQ 391, 395 (CCPA 1972) 
(stating "the description need not be in ipsis 
verbis [i.e., "in the same words"] to be 
sufficient"). 

47 A claim which is limited to a single 
disclosed embodiment or species is analyzed 
as a claim drawn to a single embodiment or 
species, whereas a claim which encompasses 
two or more embodiments or species within 
the scope of the claim is analyzed as a claim 
drawn to a genus. See also MPEP § 806.04(e). 

4 « 35 U.S.C. 112, H 1. Cf. Fields v. Conover, 
443 F.2d 1386, 1392, 170 USPQ 276, 280 
(CCPA 1971) (finding a lack of written 
description because the specification lacked 
the "full, clear, concise, and exact written 
description" which is necessary to support 
the claimed invention). 

49 For example, if the art has established 
a strong correlation between structure and 
function, one skilled in the art would be able 
to predict with a reasonable degree of 
confidence the structure of the claimed 
invention from a recitation of its function. 
Thus, the written description requirement 
may be satisfied through disclosure of 
function and minimal structure when there is 
a well-established correlation between 
structure and function. In contrast, without 
such a correlation, the capability to recognize 
or understand the structure from the mere 
recitation of function and minimal structure 
is highly unlikely. In this latter case, 
disclosure of function alone is little more 
than a wish for possession; it does not satisfy 
the written description requirement. See Eli 
Lilly, 119 F.3d at 1568, 43 USPQ2d at 1406 
(written description requirement not satisfied 
by merely providing "a result that one might 
achieve if one made that invention"); In re 
Wilder, 736 F.2d 1516, 1521, 222 USPQ 369, 
372-73 (Fed. Cir. 1984) (affirming a rejection 
for lack of written description because the 
specification does "little more than outline 
goals appellants hope the claimed invention 
achieves and the problems the invention will 
hopefully ameliorate"). Compare Fonar, 107 
F.3d at 1549, 41 USPQ2d at 1805 (disclosure 
of software function adequate in that art). 

50 See Eli Lilly, 119 F.3d at 1568, 43 
USPQ2d at 1406. 

51 See, e.g., In re Hayes Microcomputer 
Products, Inc. Patent Litigation, 982 F.2d 
1527, 1534-35, 25 USPQ2d 1241, 1246 (Fed. 
Cir. 1992) ("One skilled in the art would 
know how to program a microprocessor to 
perform the necessary steps described in the 
specification. Thus, an inventor is not 
required to describe every detail of his 
invention. An applicant's disclosure 



obligation varies according to the art to 
which the invention pertains. Disclosing a 
microprocessor capable of performing certain 
functions is sufficient to satisfy the 
requirement of section 112, first paragraph, 
when one skilled in the relevant art would' 
understand what is intended and know how 
to carry it out. M ) 

52 See, e.g., Fiers v. Revel, 984 F.2d at 1169 
25 USPQ2d at 1605; Amgen., 927 F.2d at 
1206, 18 USPQ2d at!021. Where the process 
has actually been used to produce the 
product, the written description requirement 
for a product-by-process claim is clearly 
satisfied; however, the requirement may not 
be satisfied where it is not clear that the acts 
set forth in the specification can be 
performed, or that the product is produced 
by that process. 

-™ See, e.g., Amgen, 927 F.2d atl206, 18 
USPQ2d at 1021 ("A gene is a chemical 
compound, albeit a complex one, and it is 
well established in our law that conception 
of a chemical compound requires that the 
inventor be able to define it so as to 
distinguish it from other materials, and to 
describe how to obtain it. Conception does 
not occur unless one has a mental picture of 
the structure of the chemical, or is able to 
define it by its method of preparation, its 
physical or chemical properties, or whatever 
characteristics sufficiently distinguish it. It is 
not sufficient to define it solely by its 
principal biological property, e.g., encoding 
human erythropoietin, because an alleged 
conception having no more specificity than 
that is simply a wish to know the identity of 
any material with that biological property. 
We hold that when an inventor is unable to 
envision the detailed constitution of a gene 
so as to distinguish it from other materials, 
as well as a method for obtaining it, 
conception has not been achieved until 
reduction to practice has occurred, i.e., until 
after the gene has been isolated.") (citations 
omitted). In such instances the alleged 
conception fails not merely because the field 
is unpredictable or because of the general 
uncertainty surrounding experimental 
sciences, but because the conception is 
incomplete due to factual uncertainty that 
undermines the specificity of the inventor's 
idea of the invention. Burroughs Wellcome 
Co. v. Barr Laboratories Inc., 40 F. 3d 1223, 
1229, 32 USPQ2d 1915, 1920 (Fed. Cir. 
1994). Reduction to practice in effect 
provides the only evidence to corroborate 
conception (and therefore possession) of the 
invention. Id. 

54 See Eli Lilly, 119 F.3d at 1568, 43 
USPQ2d at 1406. 

35 See, e.g., Basmussen, 650 F.2d at 1214, 
211 USPQ at 326-27 (disclosure of a single 
method of adheringly applying one layer to 
another was sufficient to support a generic 
claim to "adheringly applying" because one 
skilled in the art reading the specification 
would understand that it is unimportant how 
the layers are adhered, so long as they are 
adhered); In re Herschler, 591 F.2d 693, 697, 
200 USPQ 711, 714 (CCPA 1979) (disclosure 
of corticosteriod in DMSO sufficient to 
support claims drawn to a method of using 
a mixture of a "physiologically active 
steroid" and DMSO because "use of known . 
chemical compounds in a manner auxiliary 
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to the invention must have a corresponding 
written description only so specific as to lead 
one having ordinary skill in the art to that 
class of compounds. Occasionally, a 
functional recitation of those known 
compounds in the specification may be 
sufficient as that description."); In re Smythe 
480 F.2d 1376, 1383, 178 USPQ 279, 285 
(CCPA 1973) (the phrase "air or other gas 
which is inert to the liquid" was sufficient 
to support a claim to "inert fluid media" 
because the description of the properties and 
functions of the air or other gas segmentizing 
medium would suggest to a person skilled in 
the art that appellant's invention includes the 
use of "inert fluid" broadly.). However, in 
Tronzo v. Biomet, 156 F.3d at 1159 47 
USPQ2d at!833 (Fed. Cir. 1998), the 
disclosure of a species in the parent 
application did not suffice to provide written 
description support for the genus in the child 
application. 

56 See, e.g. , Eli Lilly. 

57 For example, in the molecular biology 
arts, if an applicant disclosed an amino acid 
sequence, it would be unnecessary to provide 
an explicit disclosure of nucleic acid 
sequences that encoded the amino acid 
sequence. Since the genetic code is widely 
known, a disclosure of an amino acid 
sequence would provide sufficient 
information such that one would accept that 
an applicant was in possession of the full 
genus of nucleic acids encoding a given 
amino acid sequence, but not necessarily any 
particular species. Cf. In re Bell, 991 F.2d 
781, 785, 26 USPQ2d 1529, 1532 (Fed Cir. 
1993) and In re Baird, 16 F.3d 380, 382, 29 
USPQ2d 1550, 1552 (Fed. Cir. 1994). 

58 See Wertheim, 541 F.2d at 263 191 
USPQ at 97 ("[TJhe PTO has the initial 
burden of presenting evidence or reasons 
why persons skilled in the art would not 
recognize in the disclosure a description of 
the invention defined by the claims.") 

- w See MPEP §§ 714.02 and 2163.06 
("Applicant should * * * specifically point 
out the support for any amendments made to 
the disclosure."). 

60 See, e.g., In re Wright, 866 F.2d 422, 425 
9 USPQ2d 1649, 1651 (Fed. Cir. 1989) 
(Original specification for method of forming 
images using photosensitive microcapsules 
which describes removal of microcapsules 
from surface and warns that capsules not be 
disturbed prior to formation of image, 
unequivocally teaches absence of 
permanently fixed microcapsules and 
supports amended language of claims 
requiring that microcapsules be "not 
permanently fixed" to underlying surface, 
and therefore meets description requirement 
of 35 U.S.C. 112.). 

61 See, e.g., In re Robins, 429 F.2d 452 
456-57, 166 USPQ 552, 555 (CCPA 1970) 
("[Wlhere no explicit description of a generic 
invention is to be found in the specification 
* mention of representative compounds 
may provide an implicit description upon 
which to base generic claim language,"); In 
re Smith, 458 F.2d 1389, 1395, 173 USPQ 
679, 683 (CCPA 1972) (a subgenus is not 
necessarily implicitly described by a genus 
encompassing it and a species upon which it 
reads). 

02 See, e.g.. In re Robertson, 169 F.3d 743 
745, 49 USPQ2d 1949, 1950-51 (Fed, Cir. 



1999) ("To establish inherency, the extrinsic 
evidence "must make clear that the missing 
descriptive matter is necessarily present in 
the thing described in the reference, and that 
it would be so recognized by persons of 
ordinary skill. Inherency, however, may not 
be established by probabilities or 
possibilities. The mere fact that a certain 
thing may result from a given set of 
circumstances is not sufficient."") (citations 
omitted). 

^ 63 When an explicit limitation in a claim 
"is not present in the written description 
whose benefit is sought it must be shown that 
a person of ordinary skill would have 
understood, at the time the patent 
application was filed, that the description 
requires that limitation." Hyatt v. Boone, 146 
F.3d 1348, 1353, 47 USPQ2d 1128, 1131 
(Fed. Cir. 1998). 

64 See, e.g. % Johnson Worldwide Associates 
Inc. v. Zebco Corp., 175 F.3d at 993, 50 
USPQ2d at 1613; Gentry Gallery, Inc. v. 
Berkline Corp., 134 F.3d at 1479, 45 USPQ2d 
at 1503; Tronzo v. Biomet, 156 F.3d at 1159 
47 USPQ2d at 1833. 

65 See, e.g., In re Marzocchi, 439 F.2d 220 
224, 169 USPQ 367, 370 (CCPA 1971), 

<* Wertheim, 541 F.2d at 263, 191 USPQ at 
97. 

67 See Rasmussen, 650 F.2d at 1214 211 
USPQ at 326. 

6H See In re Alton, 76 F,3d 1168, 1176 37 
USPQ2d 1578, 1584 (Fed. Cir. 1996). 
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CORPORATION FOR NATIONAL AND 
COMMUNITY SERVICE 

Revision of Currently Approved 
Information Collection; Comment 
Request 

AGENCY: Corporation for National and 
Community Service 
ACTION: Notice. 

SUMMARY: The Corporation for National 
and Community Service (hereinafter 
"Corporation"), as part of its continuing 
effort to reduce paperwork and 
respondent burden, conducts a 
preclearance consultation program to 
provide the general public and Federal 
agencies with an opportunity to 
comment on proposed and/or 
continuing collections of information in 
accordance with the Paperwork 
Reduction Act of 1995 (PRA95) (44 
U.S.C. 3506(c)(2)(A)). This program 
helps to ensure that requested data can 
be provided in the desired format, 
reporting burden (time and financial 
resources) is minimized, collection 
instruments are clearly understood, and 
the impact of collection requirement on 
respondents can be properly assessed. 

Currently, the Corporation is 
soliciting comments concerning the 
proposed revision of its Voucher and 



Payment Request Form (OMB #3045- 
0014). 

Copies of the forms can be obtained 
by contacting the office listed below in 
the address section of this notice. 
DATES: Written comments must be 
submitted to the office listed in the 
ADDRESSES section by March 6, 2001, 
ADDRESSES: Send comments to Levon 
Buller, National Service Trust, 
Corporation for National and 
Community Service, 1201 New York 
Ave., NW., Washington, DC 20525. 
FOR FURTHER INFORMATION CONTACT: 
Levon Buller, (202) 606-5000, ext. 383. 
SUPPLEMENTARY INFORMATION: The 
Corporation is particularly interested in 
comments which: 

• Evaluate whether the proposed 
collection of information is necessary 
for the proper performance of the 
functions of the Corporation, including 
whether the information will have 
practical utility; 

• Evaluate the accuracy of the 
agency's estimate of the burden of the 
proposed collection of information, 
including the validity of the 
methodology and assumptions used; 

• Enhance the quality, utility and 
clarity of the information to be 
collected; and 

• Minimize the burden of the 
collection of information on those who 
are to respond, including through the 
use of appropriate automated, 
electronic, mechanical, or other 
technological collection techniques or 
other forms of information technology, 
e.g., permitting electronic submissions 
of responses. 

Background 

The Corporation supports programs 
that provide opportunities for 
individuals who want to become 
involved in national service. The service 
opportunities cover a wide range of 
activities over varying periods of time. 
Upon successfully completing an 
agreed-upon term of service in an 
approved AmeriCorps program, a 
national service participant — an 
AmeriCorps member — receives an 
"education award". This award is an 
amount of money set aside in the 
member's name in the National Service 
Trust Fund. This education award can 
be used to make payments towards 
qualified student loan or pay for 
educational expenses at qualified post- 
secondary institutions and approved 
school-to-work opportunities programs. 
Members have seven years in which to 
draw against any unused balance. 

The National Service Trust is the 
office within the Corporation that 
administers the education award 



